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Soon, up to 165 student nurses will be in training in the new 
School of Nursing of St. Luke's Hospital in Pittsfield, Massa- 
chusetts. In the specialized instruction rooms—fifteen in all— 
Architect John H. Fisher has provided a comfortable visual 
environment for study and instruction, using Wakefield two- 
lamp fluorescent Grenadiers. These photographs show four of 
the special training rooms, where the nurses will learn dietetics, 
basic chemistry and hospital nursing practice. 


A direct-indirect fluorescent luminaire, the Grenadier provides 
diffused light from louvers and through the white translucent plastic 
side-panels. Half of the light is directed upward and reflected from 
the ceiling. The Grenadier is available in a variety of mountings, 
and for use with two or four bi-pin or slimline lamps. 


Grenadiers are designed to keep maintenance costs low. All 
reflecting surfaces are turned downward so that a minimum of 
dust collects. Dust films can easily be wiped off. For regular 
maintenance, the louvers and side panels can be quickly removed. 


THE F. W. WAKEFIELD BRASS COMPANY, VERMILION, OHIO 
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A typical customer's problem: “To reduce the time spent on lighting 
maintenance.” 

Westinghouse recommendation: “To install Westinghouse Mercury 
Lighting.” 

Result: “Less than half as many fixtures to maintain and fewer lamps to 
replace, because mercury vapor produces more light per luminaire than 
any other lighting system.” 

This is only one case out of hundreds of “time-tested” installations. All 
show evidence that Westinghouse Mercury Lighting is a fast growing 
industry favorite. Investigate the complete line: 400, 1,000 and 3,000-watt 
units for either low or high-bay areas . .. open or closed fixtures for clean 
or dirty locations. ..high or low-voltage ballasts for any distribution 
system. Send for B-4727, “Westinghouse Lighting at Work” in every industrial 
area. Westinghouse Electric Corporation, P.O. Box 868, Pittsburgh 30, Pa. 
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How LES. Helps The ARCHITECT 


Some services of the Illuminating Engineering Society 
that can be of daily aid to every architect. 


Lighting Handbook 


The LE.S. Lighting Handbook is the “bible” for everyone who 


plans lighting systems. Provides a complete reference on all phases 


of illumination, tested application techniques, and full information 


on lighting equipment. 


Standard Practices 


A series of reports covering the basic lighting needs of homes, 


stores, offices and other fields, with practical recommendations on plan- 


ning the best lighting installations in each. 


Data Sheets 


Regularly published “case histories” of individual installations, 


which show how specific lighting problems have been solved—complete 


with engineering data and illustrations, as a handy reference for 


architects. 


Lighting Study Projects 


For the architect who may plan a steel mill today, a theatre to- 
morrow, L.E.S. Lighting Study Projects present the detailed lighting 


needs of individual industries, with practical solutions of typical 


problems. 


Illuminating Engineering Society 


1860 Broadway, New York 23, New York 
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We feel sure you want to 
have as soon as possible 
your own personal 
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IES 
LIGHTING 
HANDBOOK 


@ 18 technical reference and application sections @ 655 photos, drawings, lighting tables, charts 
and graphs 
@ Complete appendices furnishing all kinds of @ Complete index fully cross-referenced for quick 
data you use regularly and easy use 
A brand new library copy of the Handbook has been sent to the Chairman of every |.E.S. Section and Chapter. 


Every Society member has the opportunity to fully examine the new volume . . . to handle it . . . to check over the sec- 
tions of particular value to him. Now you can see for yourself how readable and useful is this new book; how much 


improved are the new larger photographs on finer quality paper. 


The Second Edition, 1ES LIGHTING HANDBOOK cannot be matched for its thorough, authoritative information 
on all phases of lighting art and application. For anyone to whom lighting is the whole or part of the daily work, the 


new Handbook is an extremely valuable working tool. 
Price only $5.50 for one copy to |.£.S. members, if you have not already ordered at the pre-publication price. 
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Send me promptly my member copy of the new IES LIGHTING HANDBOOK at the special 
member price for one copy at $5.50, saving me $2.50 over the regular $8.00 price. 
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Brightness Patterns on Pavements 
With Elongated Light Sources 


HIS study is based on observations and pho- 

tographs of fluorescent and modern filament 

street lighting installations in the City of 
Detroit. On wet pavements, the elongated fluo 
rescent luminaires give reflected brightness pat- 
terns on the roadway that are much broader and 
cover a greater area than those from the more con- 
centrated filament sources, with their relatively 
small light controlling auxiliaries (reflectors, pris 
matic glassware, ete On dry, worn pavements, 
where as a rule there is an element of specularity 
the fluorescent units compare most favorably also 
The design of the fluorescent luminaires with ap 
propriate light control giving asymmetric light 
distribution, makes it possible to mount them with 
less overhang. This adds to the pavement bright 
ness near the curb, and makes the overall bright 
ness more uniform. In addition, the fluorescent 
luminaire is a large source of relatively low bright 
ness, as compared with the typical filament lumi 
naire, and minimizes discomfort glare in the 
driver's or pedestrian’s field of view 

Do elongated light sourees have an inherent 
advantage in street lighting? This question has 
been given much study. Several years ago, the 
IHuminating Engineering Society sponsored ex- 
perimental installations in Detroit, Cleveland and 
Schenectady.* The City of Detroit has set up the 
first fluorescent installations in this country to con- 
form to the American Standard Practice for Street 
and Highway Lighting. The accompanying Detroit 
photographs show these installations and compare 
them with present day filament luminaires. Now, 
for the first time, we can study the brightness pat 
terns from such elongated luminaires, on both wet 
and dry pavements. 

The units we are comparing are (1) a typical 
modern pendent filament lamp luminaire with 
asymmetric distribution, (2) an experimental fluo 
rescent lamp luminaire with no transverse or ver 
tical light control, and (3) a fluorescent lamp lumi 


A paper presented at the National Technical Conference of the 
Ituminating Engineering Society, August 27.50. 1951, Washington 
DPD. C. Author: Pablic Lighting Commission, City of Detroit 
*Studies of Fluorescent Street Lighting, Illuminating Engineering 
Society, Vol. XLI, No. 2, Feb. 1946 
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naire with both transverse and vertical light con- 
trol to yield an asymmetric distribution. These 
three luminaires are shown in Fig. 1, and their 
candlepower distribution curves are shown in Fig. 
2. Luminaire No. 2 consists simply of three 8-foot 
T-12 fluorescent lamps in a vertical row, mounted 
crosswise to the roadway. Luminaire No. 3 consists 
of twin luminaires back-to-back in a horizontal 
“V" positioned at 30 degrees with the vertex 
pointed out across the street to direct the light 
away from the curb and into the roadway. Each of 
the twin luminaires employs two 8-foot T-12 lamps 
in a reflector which redirects the light out at wide 
vertical angles. They also employ Alzak reflectors 
having a contour such that the candlepower is ma 
terially increased and at the sume time partial 
shielding of the sources is obtained 

Wet pavement conditions have always been the 
most critical from the standpoint of street lighting 
effectiveness. The largely diffuse reflecting prop- 
erties of the dry pavement are changed, and the 
luminaires’ reflections with filament sources tend 
to become only narrow, bright streaks on the street 
surface. In addition, driving is more hazardous on 
the slippery streets, and seeing is reduced by wet 
windshields 

Fig. 3 shows all three installations with pave- 
ment inundated. The differences in patterns of 
pavement brightness, comparing the two examples 
of elongated sources with the single typical exam- 
ple of the smaller sources are striking. 


Patterns of Pavement Brightness 


These typical reflection patterns with the fila- 
ment luminaires are so bright as to be sources of 
reflected glare to the eyes both of drivers and of 
pedestrians. The longer fluorescent luminaires, on 
the other hand, give rise to pavement brightness 
patterns that are much broader and of lower 
brightness. The sensation of glare is reduced, and 
the observer's impression is that the installation is, 
in general, more comfortable. The fluorescent light- 
ing, particularly in the installation of No. 3, retains 
its dry weather effectiveness much more completely 
with wet pavement than other types of installa- 


Elongated Light Sources— Schrenk 61 


"+ 
May 
ae, 
¥ 
bis 
re 
i ty 
ay 


Figure 1 


(a) Filament luminaire, No. 1 (center), typical of present day units, 2 feet from curb. 


Daytime views of the three street lighting units. 


Mounting height 25 feet, 


average spacing 160 feet. 
(b) Fluorescent luminaires, No. 2 (right), of experimentaltype with no light control. Nearest end, 8 feet from curb 
containing three &foot T 12 lamps. Mounting height 25 feet, average spacing 160 feet. 
(c) Fluorescent luminaire, No. 3 (left), mounted in pairs and giving vertical and transverse light control. Nearest ends 
of luminaires, 2 feet from curb. Four 8-foot T-12 lamps, two in each luminaire. Mounting height 25 feet, average 
spacing 140 feet. 


trons Since seeing at night is predominantly by 


contrast, visibility is greatly enhanced under all 
conditions 

There is a difference 
not so marked as between the filament and fluores 


however, although perhaps 
cent lamp installations — between the individual 
appearances of the two fluorescent installations 
The pavement brightness pattern of No. 2 still 
shows fairly bright strips, limited in width, leaving 
continuous dark areas along the curbs. But with 
the fluorescent units of No. 3. we see the reflections 
as broad paths, practically filling the roadway with 
reflected brightness from curb to curb 

The photographs make it plain why we have this 
difference between the brightness patterns from the 
types of fluorescent units. Luminaire No. 2 over- 
hangs the curb by 16 feet, of which 8 feet is the 
luminaire’s length. This means that as we view the 
street from the average driver's eye position in the 
right-hand driving lane (the second lane from the 
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eurb), the luminaires on the right-hand side are 
directly in front of us, and their reflections merge 
into a single continuous path straight ahead. Lumi- 
naire No. 3, on the other hand, has been mounted 
closer to the curb, overhanging by only 10 feet, of 
which 8 feet is the luminaire’s length. In this case 
the right-hand row of luminaires passes over us at 
the side, rather than directly above us as with No. 
2. So the reflections from the farther ones appear 
progressively farther into the center of the road- 
way. In fact, if the installation were not limited 
in its length, the right- and left-hand rows would 
join at the distant vanishing point, and the path 
of lower brightness down the center of the pave- 
ment would be somewhat brighter. This effect can 
be seen in the photograph of the lengthier installa- 
tion of No. 1 

The advantage of No. 3 is a result of its direc- 
tional light control and its asymmetric distribution, 
which makes it feasible to mount it close to the 
eurb. If the same were tried with No. 2, much of 
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Figure 2. Distribution curves of the three 
units shown in Fig. 1: 


(a) Filament luminaire N. 1 shows the 
vertical and lateral distribution. The lumi- 
naire is mounted at or near the curb and 
is designed to give a wide unequal lateral 


\ distribution to direct the greater part of 
\ x } the light output in the direction of the 
a \ \ 784° cone anced asymmetric distribution. The maxi- 
x 300° mum candlepower is directed in the 315° 
vertical plane to build up the illumination 

in the center of wide thoroughfares. 

CANDLEPOWER DISTRIBUTION SCOOP DEFLECTOR 

GE FORM 94 10,000 LUMEN BI-POST 20 AMP LAMP 


WO 193 CLEAR RIPPLED GLOBE FILAMENT aT 45° 


(b) Fluorescent luminaire No. 2 shows a 
wide two-way distribution for mounting 
well out in the street. 


78° cone A 


Le 


\ 


CANDLEPOWER DISTRIBUTION 5-96" SLIMLINE Lamps (T-12) 
CITY OF DETROIT FLUORESCENT LUMINAIRE MOUNTED IN VERTICAL PLANE 


\ (c) Fluorescent luminaires No. 3 show a 
90°, CANDLEPOWER 1000 wide asymmetric distribution for mounting 
jseee — near the curb. Two two luminaires if : 
\ placed back to back would give a two-way 
rt 75°- 205° distribution; however, in the present in- 


VERT PLANE 


/ stallation they are placed at a 30° angle 
with each other to direct the light toward 
the center of the street. 


CANDLEPOWER DISTRIBUTION PLASTIC CLEAR COVER GLASS 

GE FORM 200 8 FLUORESCENT LUMINAIRE 4-96" SLIMLINE LAMPS (T-12) 

POLISHED “ALZAK” TROUGH REFLECTOR 
is its light would be wasted on the house side of the the degree to wkich the installation of No. 3 puts 
ii curb, and its coefficient of utilization would suffer. more uniform footcandles upon the roadway than 

Slight irregularities in the wet pavement surface does the installation of No. 2. 
are of special help, and it may well be that the It must be borne in mind that there is a differ- 
asymmetric distribution of No. 3 takes better ad- ence in illumination levels of the two fluorescent 


vantage of these. This effect would depend upon installations shown here, as this might affect one’s 
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Figure 3. Pavements inundated. A. (Top) Filament lumi 
naire No. 1. Bright narrow streaks of reflection on pave 
ment. B. (Center) Fluorescent luminaire No. 2. Wider 
strips, less bright. More area filled with brightness; stil) 
very little brightness near curb. C. (Bottom) Fluorescent 
luminaires No. 3. Broad bands of reflected brightness; 
better uniformity over entire width of roadway. Shorter 
overhang; reflected brightness extending completely over 
to curb 


appraisal of the photographs. Lnstallation No. 2 


has an average of between 0.5 and 0.7 footcandles 
and No. 3 has 1.0 footeandle, or slightly higher 
based on initial lomens 
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When the pavement is dry, we see much less 
difference between the pavement brightness pat- 
terns. These appear in Fig. 4 

Comparing the filament installation with the two 
fluorescent installations, we see at once that the 
pavement brightness is more uniform under the 
last two. This is true even though the Muoreseent 
installation of No. 2 actually has a lower average 
pavement brightness and illumination than the 
filament installation of No. 1 
marked differences between 
That of No. 3 


than that of 


Lut again, we see 
the two fluorescent installations 
shows better brightness uniformity 
No. 2, both along the roadway and across it. And 
As with 


the wet pavement condition, if we tried to aid the 


the curb is more clearly defined in No. 3 


brightness in the parking lane by moving the units 
of No. 2 closer to the curb, we would sacrifice some 
of the brightness which is needed in the center of 
the street 

As would be expected, the brightness patterns 
with the pavements damp are intermediate between 
those with the pavements wet and dry. This is 


shown in Fig. 5 


Temperatures-Light Output Characteristics 


Starting in 1945 and for two years thereafter, 
Detroit experimented with a multiple cireuit for 
fluorescent street lighting. The lighting effects were 
favorable during the greater part of the year, how- 
ever, during cold weather, the light output was 
very poor The fluorescent lamps were enclosed in 
protective tubing and the breakage was extremely 
high. The installation was removed as it was con 
sidered too expensive to maintain and its operation 
during cold weather was unsat'sfactory. Detroit 
felt that a fluorescent street lighting installation 
might be aceeptable by using a series street lighting 
eirenuit. It was felt that this would give a reason 
ably stable light output through the variable tem- 
peratures of a Detroit winter and summer season, 
or the current could be varied to partly compensate 
for the loss in light output during adverse weather 
conditions. 

Starting experiences of the twin luminaires while 
operating the lamps at 430 milli-amps was satis- 
factory until the temperature dropped to 15°F; 
below that, starting troubles began. The constant 
current regulator was adjusted for operating at 
660 milliamps. The change provided sufficient 
voltage so that no starting troubles were experi- 
enced down to —5°F. This was the minimum op 
erating temperature experienced through the win 
ter. Light output at 430 milli-amps and 15° is 


reduced approximately 70 per cent and at 660 
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milli-amps the reduction is approximately 50 per 
eent. 

The light output was measured with a continu- 
There have 
been no lamp outages due to equipment, lamps, or 
cireuit trouble for the entire 2000 hours this instal 


ous recording of a photo-electrie cell. 


lation has been in operation. The lumen output of 
the T-12 fluorescent lamps was reduced to 84 per 
cent of the initial output after 2000 burning hours. 
The preliminary test in severe cold weather indi- 
cated that the manufacturer may have to furnish 


a special lamp for street lighting purposes. 


Comparison of Installation Costs 

The installation cost for both types of lighting 

are the same up to and including the lamp post. A 

tabulation of the different costs is shown in Tables 
land Il 


TABLE I.— Installation Costs. 


Pilament Fluorescent 


Lamp 


$175.00 
80.00 


& Bracket 
Auxiliary transformer 
Lamps 

Installation of luminaire 


bi post) 
24.00 


$286 #0 
(ther capital cost common 
to beth 
Initial lumen output 


150.00 
18,000 
23,000 


150.00 
10,000 490 MA 
660 MA 
Effective lumens 
aleulated) 4.800 7,020 — 430 MA 
9,000 — 660 MA 
Watts including auxiliaries ‘al 290 — 430 MA 
560 660 MA 

Lumens/ watts 18.5 46 430 MA 
41 660 MA 


TABLE II.—-Annual Operating Costs. 


Fixed charges on investment 
common to both lamps 

Operating costs 
both lamps 

Depreciation and interest on 
the variable 

Yearly cost on cleaning and 
relamping 

Lamps 

Cost of current @ 1 cent per 


KWH 


commen to 


Cost of effective lumen per 


year $ 01242 $ 


Although the initial installation cost is considerably higher for the 
the annual operating unit cost based on 


fluorescent luminaires 
effective lumens is lower 
‘Installation in operation one-half year 


Night Driving and Public Opinion of 

Fluorescent Street Lighting 

Visibility is exceptionally good and the installa- 
tion provides comfortable seeing. There is no 
noticeable glare when spoken of in terms of “dis- 
comfort or veiling glare.” A driver while passing 
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Figure 4. Pavements dry. A. (Top) Filament luminaire 
No. 1. Brightness still somewhat spotty. B. (Center) 
Fluorescent luminaire No. 2. Lower average brightness 
than with No. 1, hut better uniformity than filament 
lighting. Still some rather dark areas near curb. C. (Bot- 
tom) Fluorescent luminaires No. 3. Much better uni- 
formity, especially with areas near curb. 


through either of the two types of installations can 
view the luminaires without discomfort to the eyes 

There has been some complaint from drivers 
which could be termed “distraction.” However, it 
is felt that this is due to the innovation of a new 
type of street lighting and will eventually wear 
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Figure 5. Pavement damp but not inundated. More area is filled with brightness with all luminaires and the brightness 


A. (Left) Filament luminaire No. 1. 


away. The great majority of drivers and pedes 
trians have complimented the lighting effect very 
highly. The lighting has also met with universal 
favor among the property owners. Other business 
sections have been quite inquisitive as to possibili 
ties of future extensions. There has been no ad 
verse comments from any of the adjacent property 


owners 


Future Lighting 

Street lighting in general with few exceptions 
does not adequately meet the night traffie prob- 
lems under all conditions of road surfaces and 
weather. Due to our complex mode of living, night 
traffic volumes, both vehicular and pedestrian are 
constantly inereasing and during the rush hours 
in the winter months, it equals the daytime move 
Statistics show that the number of night 
traffic accidents are far too many when compared 


ment 


on the basis of day and night traffie volumes. Easy 


pattern increases as the pavement dries out. 


B. (Right) Fluorescent luminaire No. 2. 


and quick seeing provided by daylight should be 
more nearly approached with the use of artificial 
lighting if the problem of providing safer night 
travel is to be solved. Street illumination should 
reveal the entire road with the light extending well 
over the curb. This can only be done by dis- 
tributing sufficient light sources transversely over 
the roadway, especially when pavements are highly 
specular 

The experimental fluorescent lighting installa- 
tions in Detroit are an attempt to provide just such 
ilumination. The twin luminaire fluorescent instal- 
lation with its asymmetric distribution, long light 
sources of low brightness, comfortable to the eye is 
a most profmising step forward in providing visi 
bility on both wet and dry pavements, more nearly 
approaching that under daylight conditions. These 
results are not obtainable with the point light 


source 


Most pedestrians in this country, accustomed to leap 
ng to safety before the insistent honks of taxis, buses 


ate an 


trucks and private sutomobiles, would appreci 


innovation which is causing much controversy in London 
This is the painting, at intersections, of wide passages 
vith white stripes, known as “zebras,” upon which the 
odestrian may cross, and upon which a motorist dare 
net trespass during such a crossing 

The controversy is caused, in part, by complaints from 
neotorimts that on wet nights the sebras are all but 
nvisible, Their stripes blend with the shining road sur 


Lumeratas in Levht and Lighting, journal of 


the British LES... says: “A tour of one London borough 


ss convinced me that the crossings cannot be seen from 


sm approaching car on a wet night. So far | have noticed 


Lighting for 


“Zebras” 


illuminated beacons at one crossing only, and I doubt if 


they will prove sufficiently conspicuous markers in thor 
oughfares where there are numerous other lights. The 
Minister of Transport has said that methods of revealing 
the crossings to road users at night are being tried, and 
it is to be hoped that a satisfactory solution of this 
problem of lighting will soon be found. The Twickenham 
Road Safety Vigilantes’ Association has suggested the 
use of flickering amber warning lights in advance of 
traffie signal lights on high speed roads. I think such 
flickering lights might be used to better purpose at 
Zebra’ crossings.” 

Street lighting engineers the world over will probably 
watch with interest the way in which London solves this 


problem of lighting for “zebras.” 
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Louverall Lighting for a Florist Shop 


A.LA. Pile No. 31f 


LIGHTING OBJECTIVE: To provide general lighting in a long, narrow, high-ceiling room to enhance the attractive 
ness of floral displays, at the same time concealing unsightly pipes and ducts. 


Installation at The Broadway Florist, 218 West 5th Street, Los Angeles, California. 


General Information: Figure 2 shows a plan view TERRAZZO ay scae w 

of the sales area. Ceiling height is 204% feet. Sur- g oT ennon 

face characteristics are as follows: 


Walls and trim dark green 
Canopy 
vertical trim light green 
Ceiling 
under canopy green acoustical tile 


REFRIGERATOR 


Display niches dark green 
Floor mottled green rubber tile 12% Figure 2. Plan View. 
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The eight niches shown at the left measure 16 x 
Ys inches. Those at the right are constructed with 
a sawtooth effect: the farther group of two pro 
truding further into the store area than the one 


miijacent to 


The area in the rear of the photograph is the 
trapping section Behind the vertical wood 
louvers is a customer room with table and card 


vriting facilities 


Lighting Installation: \ general illumination level 
f 95 footeandles is provided by continuous rows 
f industrial fluorescent luminaires spaced 3!, 

feet apart and mounted 4 feet above Benjamin 
Skyglow” plastic louvers (2 x 2 x 2 inch cells, 

''.. feet above floor and 11 feet below structural 

ceiling Each luminaire contains three 40-watt 

warmtone lamps. Industrial units were chosen to 
direet light away from pipes, beams, ete. above 
the louvers 

Display highlights of 200 footeandles are sup- 
plied by recessed 150-watt R-40 spotlamps. The 


Elevation 


refrigerator at the right (not shown in photo) also 
has a louvered ceiling, covering up the pipes, con 
denser, ete 


The niches shown on the left in the photo are 
illuminated by a strip of two 40-watt and one 20 
watt T-12 fluorescent lamps, providing 50 foot 
candles on the top shelf, 38 footeandles on the 
center one and 30 footeandles on the counter 
Each right niche is illuminated by a 15-watt fluo 
rescent lamp 


The mirror at the left (behind the davenport 
gives the illusion of a cove, or extended part of 
the general room. 


Resultant brightnesses are indicated below 


footlamberts 

Louvers 

120 

30° oo 
Walls near ceiling 3.5 
Canopy (vertical edge 7.0 
Ceiling under canopy 0.8 
Floor 14 


laghting data sabmitted by Uaminating Fngineering Unit, Department of Water and Power, City of 
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Visual Problems in Aircraft Lighting 


N RECENT years in the field of equipment de- 

sign there has been increased emphasis upon the 

point of view which recognizes the human being 
as a critical link in the control system. Formerly, 
the assumption was made that man had the poten- 
tial for sufficient training to operate machines de- 
signed with only incidental adaptation to his re- 
quirements. However, the greater complexity of 
modern machines, as typified by higher perform- 
ance aircraft, has required responses near the 
physiological and psychological limits of the human 
operator. This is particularly the case with mili- 
tary aircraft where the environment is extremely 
different from the normal. Military flying in recent 
times has been characterized not only by problems 
incident to high speed and acceleration, extreme 
temperatures, high altitudes, noise and vibration 
but also by greater difficulties in perceiving and 
responding to many visual stimuli 


Visibility Problems 


It is evident, therefore, why visibility problems, 
particularly lighting problems, assume such impor 
tance in aviation. Obviously, every measure which 
improves the efficiency of the pilot’s seeing task 
adds considerably to his comfort and morale and 
to the military value of his performance 

Although their solution cannot be separated com- 
pletely from the solution of other problems in air- 
eraft design, lighting design problems constitute a 
fairly well defined and rather distinct area of in- 
terest. Aircraft lighting is one aspect of the larger 
problem of aviation lighting which includes such 
other matters as airport and airway lighting. As 
applied to aircraft, the field can be subdivided into 
interior and exterior lighting. 


Cockpit Lighting 


A primary concern in the study of interior light- 
ing is the job of illuminating aircraft cockpits. 
About seven years ago the Navy became interested 
in the possibility that red lighting might be a better 
form of cockpit lighting than the ultraviolet light- 
A paper presented at the National Technical Conference of the 
Iiuminating Engineering Society, August 27-30, 1951, Washington 
D. C. Authors: Aeronautical Medical Equipment Laboratory, Naval 
Air Experimental Station, Philadelphia, Pa 


The views expressed in this paper are those of the authors and are 
not intended to represent those of the Department of the Navy 
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ing of fluorescent painted instruments then in 
vogue. It is known that red lighting is advantage- 
ous for promoting dark adaptation. Reports from 
operational personnel indicated that night missions 
of naval aircraft would be aided if the pilots had a 
maximum amount of dark adaptation in order to 
detect dimly illuminated targets. As a consequence, 
an investigation was initiated at the Fels Plane- 
tarium of the Franklin Institute in Philadelphia 
to procure definite information on the relative ad- 
vantages of red lighting and ultraviolet. Two Link 
Trainers were provided with the best available 
systems of red indirect, false panel lighting and 
ultraviolet flood lighting. Pilots were given flight 
problems to perform in either the red or the U-V 
illuminated trainers. Under Planetarium condi 
tions approximating starlight and overcast night 
sky illumination, a comparison was made of the 
time required to spot faint targets against the sky 
background after having been exposed to one or the 
other instrument panels. It was found that at the 
brightness levels giving minimum legibility, neither 


system caused any noticeable decrease in the effi- 


ciency of spotting. However, at higher, more useful 
levels of brightness, there was greater detectability 
of targets after viewing the red panels (Table I 

In addition to those studies simulating the prac 
tical problem, a Heecht-Shlaer adaptometer was 
used to obtain more precise data on the course of 
dark adaptation during exposure to the alternative 
lighting techniques. Since these data also sup- 
ported the advantage of red lighting, the Navy 
adopted a system employing a tailor-made false 
panel to illuminate indirectly the entire instrument 
panel. In the fall of 1949 the Navy and Air Force 
cooperated in conducting an evaluation tour to 
gather opinions from Navy and Air Force pilots on 
their subjective preferences for the red lighting 
system versus the ultraviolet system then being 
used by the Air Force. Similar military planes, 
each employing one of the lighting systems, were 
flown by Navy and Air Force pilots. As a result of 
this tour in which a majority of the pilots pre 
ferred the red lighting system, this system became 
standard for both services 

In subsequent experimental work, as described 
below, efforts have been directed to developing 
eriteria, based on physiological and psychological 
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TABLE I 


No. of 
Subjects 


Pane! 
Setting 


Sry 
Conditioa 


Control* 


studies, to be applied in the design of fixtures and 


hniques utilizing red lighting 


to facilitate further dark 


The desirability 


reducing flux in order 


vlaptation has led to the investigation of indirect 


nethods of lehting 


Instrument Lighting 


aircraft instruments, there has 
the 


Witl 


a 


respect to 


progressive development toward use 
f individual shields providing ilamination from 
; eovered sourees in front of the upper corners of 


Fig. 1 


Although the lighting produced by these shields 


each mnstrument 


' s fairly uniform and causes a minimum of reflee 


ions from the canopy, nevertheless certain instru 
nents show distinetly decreased levels of legibility 
The turn and bank indicator is a notable example 
the 


instrunient 


with lighting 


this 


for use 


wld. In the conventional form 


requires the incident light to be nearly perpendicu 
ar to the surface, so that the high reflecting back 
yround is sufficiently illuminated to provide high 

ntrast for the black ball) The solution devised 


Aircraft 
shield providing 


Figure 1 instrument with individual lighting 
illumination from covered sources in 


upper corners 


tireratt Lighting 


Spotting Time Experiments. 
Percentage of Trials in Which Target Was Spotted in Pour Seconds or Less. 
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BMciency EMficiency 
Rea. 
Rea Control Control: v-V Control 


by our laboratory is to reverse the contrast by 
using a white ball with black background and to 
recess the dial, thus making use of the light directed 
Many 
other instruments require similar modification to 
provide the required contrast for adequate legi- 
bility 

The desirability of integral instrument lighting 


almost vertically from the shield (Fig. 2 


has been repeatedly expressed over a period of 
vears. The obvious advantage accruing from build- 
ing each instrument with its own light is that its 
Such 


lighting will yield higher levels of legibility and 


unique legibility requirements will be met 


greater uniformity of illumination, and eliminate 
cover glass reflections, a most troublesome aspect 
of instrument lighting. Developments to reach this 
objective have been initiated. A present instance of 
an integrally lighted instrument is the magnetic 
com pass 


Control Panel Lighting 


Panels containing switch controls also must be 
effectively illuminated. A development in lighting 
these control panels, which are grouped into con- 
soles in the cockpit, has been the edge lighting of 
plastic plates. The top surface is covered over-all 
first with a translucent white paint and then with 
a negative opaque print in black. The other sur- 
faces including holes for switches and knobs may 
be painted white followed by black By this process 
a console is produced which has white markings in 
a black field during daytime. For night viewing, 
red-filtered lighting is piped from fixtures stra- 
tegically located on the panel. Such transillumina- 
tion yields unusually high contrasts resulting in 
new legibility problems. (Fig. 3 

The entire question of the legibility of the 
markings on these consoles was studied in several 
aspects. In connection with marking design and 
layout, a study has been made of the legibility 
eharacteristies both of daylighted and transillu- 
minated markings, letters, and numerals. Size, 
brightness, contrast, and form were some of the 
variable characteristies studied. For the study of 
under night illumination 


these characteristics, 


conditions, a special visual test enclosure simulat- 
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Figure 2. Turn and bank indicator. At left, instrument modified for use with the lighting shield. Contrast is reversed 
and dial recessed compared with unmodified instrument shown at right. 


ing a cockpit reading situation was constructed 
Fig. 4 This enclosure is light-tight and con- 
tains floodlighting fixtures and controllable light 
which can be directed from the rear on a trans- 
lucent card. This card can then be viewed by a 
subject sitting at a prescribed distance. Naval 
enlisted men were dark adapted, seated in this 
enclosure and asked to read letters at different 
brightnesses with short exposure times 

Test results show that legibility improves with 
increasing size and brightness with different ef- 
fects, however, for letters of different form (Fig 
5). To avoid loss of legibility of some markings 
while others are still adequately visible and to 
limit the total light flux, it has been recommended 
that all lettering be of uniform size and bright- 
ness on consoles. Other marking characteristics 
found to increase legibility are uniform stroke 
width, lack of serifs, and square rather than 


rounded stroke ends. Height to width ratio and 
stroke-width to height ratio were explored for 
both letters and numerals, and optimal ratios reec- 
ommended for use with transillumination. Even 
though letter strokes should be relatively narrow 
(one-tenth or less of height) for transillumination 
when high brightnesses are used, we have shown 
in our legibility experiments that when bright- 
nesses are reduced to the level required for pre- 
serving dark adaptation, wider strokes (one-sixth 
of height) give letters optimal legibility for both 
day and night use (Figs. 6, 7, 8). Commercial type 
faces most nearly agreeing with the qualities of 
legibility thus far determined as most suitable by 
our experiments are Airport Semi-Bold, Futura 
Demi-Bold and Vogue Medium. A series of nu- 
merals incorporating our experimental findings 
have been designed by laboratory personnel (Fig 
%). Validation tests show that, in comparison with 


Figure 3. (left) Transillumination of control panel. Figure 4. (right) Visual test enclosure simulating a nighttime 
cockpit reading situation for study of legibility of marking characteristics. 
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Figure 5. Mean error scores for reading four sizes of 


letters with four levels of transillumination and no back 
ground illumination 


two witlely accepte al ty pes, that desivned by terwer 
and that in the AN Specification, reading errors 
are consistently lower for the proposed numeral 


design 
Arrangement of Markings 


Arrangement of the markings with respect to 
each other on the control panel is especially impor 
inder transillumination. Even cursory 
examination of a lehted panel shows that cluster 
ing of the markings tends to make a confusing and 
illegible ad splay Therefore effective placement 
of the markings on the panel can enhance the legi 


designed letters and 


of even optimally 
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numerals. For example, one stroke-width spacing 
between letters within words, and one letter width 
spacing between words, have been found desirable 
in practice. Where legends can be separated on a 
panel, a maximum amount of space should be al- 
lowed between various legends so that the light 
flux shall be at a minimum from any part of the 
panel. As a general rule, legends are preferably 
arranged with the letters aligned side by side so 
that they read from left to right. Vertical letter- 
Border lines, an- 
other form of marking, have been found to be un- 


ing, therefore, is undesirable 


necessary and confusing in most applications, but 
where they are used the line width of the border 
should not exceed the stroke-width of the nearby 
markings 

Attention-getting include such 
legends as warning of limits that cannot be ex- 


areas which 
ceeded for safe operation need to be surrounded by 
some form of attracting border. Such warning 
panels have been found to require special design 
This is 


a particularly illustrative example of a situation 


for use on indirectly illuminated consoles 


where a design satisfactory for ordinary daylighted 
or floodlighted panels is not satisfactory for in- 
direetly lighted panels. For general floodlighting a 
wide border of contrasting color or a border of 
some special “barber-pole” design may be satisfac- 
tory. For indirect lighting, however, a preference 
survey of pilots completed in our laboratory has 
shown that markings consisting of a number of 
narrow angular lines surrounding the legend area 
produced adequate attention-getting power (Fig 
10). At the same time, such markings do not de- 
tract from the legibility of the legend nor do they 
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Figure 6. (Left) Mean percentage errors for reading capital letters .156" high—five stroke widths, five transillumination 
levels. Exposure time 1/25 second for each group of three letters. 


Figure 7 


(Center) Mean percentage errors for reading capital letters .156” high; five stroke widths; five transillumi- 


nation levels. Exposure time 1/5 second for each group of three letters. 


Figure 8 (Right) Mean percentage errors for reading capital letters .156" high; two levels of floodlighting. Exposure 
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time 7 milliseconds for each group of three letters. 
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Figure 9. Proposed numeral design for 
high legibility. 
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add excessively to the total amount of flux which 
would be annoying or interfere with dark adapta- 
tion. 

Another specialized situation is encountered with 
switches, knobs, and other forms of manual con- 
trols. One aspect of this is the lighting of the con- 
trol itself which may be largely taken care of by 
the general low-level floodlighting previously men- 
tioned. However, where the control is particularly 
important and its direction of orientation needs 
special lighted radial 
Further than this, 
the surrounding area needs some kind of reference 
marking. It has been found with one form, a con- 
tinuously rotatable rheostat typical for volume con- 


emphasis, an indirectly 


pointer design can be added. 


trol that an elaborate abstract design is not as sat 
isfactory as a simple design with reduced area of 
illumination. Such a design might be a cireum- 
ferential are line with the positions of “off,” “me- 
dium” or “bright” indicated by single words or by 
standard abbreviations (Fig. 11 


Effect of Floodiighting 


Legibility tests were run to determine the effect 
on legibility of adding floodlighting to transillu- 
mination. It was found, as a result of a series of 
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reading tests under various levels of red back 
ground floodlighting, that the addition of flood- 
lighting reduces the contrast, but increases the 
marking brightness because the letters reflect the 
floodlighting. Increased comfort also results due to 
recognition of knob shapes, orientation within the 
cockpit ete. (Fig. 12). At low levels of floodlight 

ing no great change in legibility occurs if legibility 
with only transillumination is already at the higher 
or lower extremes. For those letters at the thresh- 
old of legibility, the point of 50 per cent errors in 
reading, a definite decrease in legibility occurs 
when a low level of floodlighting is added. Higher 
levels of floodlighting in all cases increase legibility 

When no transillumination is used, the floodlight 

ing levels needed for legibility levels comparable 
to those with transillumination are higher than the 
highest used in these tests. This bears out the value 
lighting in 
13 and 14) 

A controlled experiment to measure the effect of 
floodlighting in conjunction with indirect lighting 
on the reading of a dial-type instrument was con 
ducted. 


of indirect reducing total light flux 


(Figs 


A special dial reading device was utilized in the 


This 


visual test enclosure previously deseribed 


Figure 10. For indirect lighting, a 

preference survey of pilots indicated 

that markings consisting of a number 

of narrow angular lines surrounding the 

legend produced adequate attention- 
getting power. 
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dial reader has four standard atreraft instrument 


dials mounted in a cireular pattern. These are cov 
ered by a shutter so that only one dial is exposed at 
a tine The arrangement of the dial setting 
changes and shutter changes is such that eighty 
determined dial readings are presented Se 
tected subjects were asked to read red transillumi 
nated dial markings of different brightnesses with 
varying conditions of red floodlighting including 
no floodlighting Opinions were tabulated on the 
desirability of the various conditions of brightness 


and iihimination. Error seores were also tabulated 
Reading performance in those test situations did 
net mprove significantly above 40 microlamberts 
However, the addition of floodlighting resulted in a 
omfortable reading situation. A study was 


in whieh 15 pilots « xpressed ther preference 


Figure 12. Studies on the effect on 

legibility of adding floodlighting to 

transillumination indicated red back 

ground floodlighting reduces the con 

trast but increases the marking bright 

ness because the letters reflect the flood 
lighting 
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Figure 11 For indicated switches. 
knobs and other forms of manual con. 
trols, a simple design such as a circum- 
ferential arc line has proved satisfac 
tory, with positions indicated by single 
words or standard abbreviations. 


for levels of console marking brightness (due to 
indirect red transillumination) and red floodlight- 
ing in an attack aircraft cockpit mockup. Each 
pilot was dark adapted for 15 minutes and was 
asked to select levels of marking brightness and 
floodlighting by operating rheostats. He was told 
to select the level which would give him the great- 
est visual comfort consistent with efficient opera- 
tion in night flying. He was also asked to select 
the minimum levels at which duties could be per 
formed. The results indicate that one level, .040 
footeandle, of floodlighting to be used with a given 
marking brightness can be chosen to satisfy the 


lighting needs of nearly all aviators. In addition 


prov sion eould be made for voltage eontrol by the 


pilot to bring the lighting level to maximum for 


exceptional cireumstances 
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Figure 13. Mean error scores for 

reading .04 inch (at left) letters, 

and .06 inch letters (at right) for 

five levels of transillumination 

(T.1.) and four levels of back- 
d illumi 


s 


cn OF BAC 


Specialized Interior Lighting 

Various specialized cockpit lighting problems 
must be solved in addition to the instrument and 
The adequate distinction of 
warning lights in the cockpit is essential. These 


console lighting. 


lights are used only for those situations and con- 
ditions which are sources cf danger to the aircraft 
or its occupants. They should be of one color only: 
red, traditional for warning. For use during the 
day red is highly effective while in the red lighted 
eockpit the red warning light will nevertheless 
be distinguished easily by brightness difference 
For additional attention-getting influence, rela- 
tively fast flashing of the lights is efficacious. 

The development of the dark trace cathode-ray 
tube poses another cockpit lighting problem. The 
display is a magenta trace on a grayish white 
background. Unlike the usual cathode ray tube 
where the electrons fluoresce, this tube must be 
illuminated externally. The problem presented to 
our laboratory was to furnish light that would 
offer the greatest contrast with the least illumina- 
tion to interfere with dark adaptation. Since the 
magenta trace is most reflective in the blue and 
red portions of the spectrum, it was necessary to 
filter the light so that the green portion is used to 
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illuminate the tube’s screen. In addition, the fix- 
ture developed for this purpose had to diffuse the 
light evenly over the surface to be viewed. 
Exterior Lighting 
Experiments and studies to improve the exterior 
lighting of aircraft with the view to lessening the 
visual difficulties attending night operations were 
begun by this laboratory in November 1944. Ap- 
proaching the visual problems from the point of 
view of the pilot of an aircraft in flight, there were 
two considerations concerning the exterior lighting 
of another aircraft which emphasis was 
placed. These were: that the exterior lighting pre 


sentation must not result in confusion of the air 
eraft with something else; and the lighting must 
indicate instantly and clearly the direction of 
flight 

With these considerations as the guiding prin- 
ciples, extensive darkroom and flight experiments 
were conducted and results disclosed that the auto 
kinetic illusion of confused movement, which re- 
sults from looking at a single point of light in dark- 
ness, may be overcome if a row or rows of light 
are installed on the aircraft's exterior. Another 
device would consist of illumination of a part of 


Figure 14. Mean error scores for 

reading .08 inch (at left) and .12 

inch (at right) letters for five 

levels of transillumination and 

four levels of background illumi- 
nation. 
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Figure 15. Delineation of the tail and 
wing tips by illuminating the trailing 
edges thereof provided a unique light- 


the aircraft's surface. A further finding was that 
the combination of flashing navigation lights with 
steady top and bottom fuselage lights made it 
easier to Judge the aireraft’s distance and orienta 


tion in flight. It appeared that the steady white 


conducted by the Civil Aeronautics Administration 
in August 1950 showed that a step-up in the flash 
rate of the exterior lights from 40 flashes per min 
ite to 60 or SO flashes per minute may be desirable 

Studies conducted by this laboratory in recent 
weeks indicated that a step-up to SO flashes per 
minute of the navigational lights would be desir 
able provided the on-off ratio of the lights was ap- 
proximately 3:1 
sirable for the fuselage lights to be flashed with all 
the other navigational lights, so that the full benefit 


Further, it was considered de- 


of the flashing presentation could be derived. Since 
the dark period is very short in this presentation 
tracking the aireraft would not be difficult 
Although studies conducted until the present 
have shown the directions in which improvements 
f aircraft exterior lighting can be expected, addi 
tional objective studies have now been initiated in 
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ing configuration from every position 
observed. 


our laboratory's stellarium. Through this experi- 
mental program data can be provided to indicate 
the precise ways in which configuration, color, 
brightness and flashing of lights lead to e‘ficiency 
in detecting and recognizing the nature of an air- 


{ fuselage lights provided a central vertical reference craft's movement 
xis which gave the aireraft thus lighted a unity 
that it otherwise lacked. For an observer to deter Lighting for Formation Flying 
’ mine the attitude of the aircraft, it was found that Further investigations dealing with the special 
4 placement of the lights on the wing tips, tail and military problem of lighting aireraft to facilitate 
a fuselage provided the necessary information about formation flying were «ndertaken. It became 
the aireraft’s three major axes. In addition, it was readily apparent that it was difficult to interpret 
found that two properly spaced lights, preferably distance, direction and relative speed for the pur- 
ellow and white, on the tail portion of the aircraft pose of spatial orientation from the visual infor- 
tided materially in both attitude determination and mation supplied by the conventional concentrated 
listance perception of an aireraft in the traffic light sources. It appeared that these sources with 
pattern their relatively high intensity at short distances 
Recently, consideration has been given to increas tended to obscure the vague though more visually 
ng the rate of flash of the aircraft's navigational useful silhouette of the aircraft against the night 
; lights. The conference and lighting demonstration sky. It, therefore, appeared that illumination of 


certain areas or contours rather than individual 
aireraft structural positions would do much toward 
providing a visual impression of the aircraft ap- 
proximating that seen by day. 

Various methods of providing these visual cues 
of aircraft form by illuminating characteristic 
areas and contours were tried. Brightness levels 
dim enough not to obscure, but rather accentuate 
the loom of the aircraft, were employed. Delinea- 
tion of the tail and wing tips by illuminating the 
trailing edges of the rudder, elevator and of the 
wing tips provided a unique perceptual configura- 
tion from every position observed (Fig. 15). These 
installations consisted of plastic, translucent, strue- 
turally integrated strips internally illuminated by 
uniformly distributed light 

Another installation consisted of placement of a 
red filter covered light fixture (concentrated 
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source) at the trailing edge of the wing tips and 
wing roots. These lights served to delineate the 
wing. In this installation the concentrated light 
sources were later replaced with integrally mounted 
fixtures with extended colored plastic windows ap- 
proximately five inches long by three-quarter 
inches wide. This installation served to elongate 
the concentrated sources and, therefore, aided the 
observing pilot to interpret the visual cues more 
directly in terms of the aircraft's major axes. These 
lights were called “linear formation lights.” 

The illumination of areas of the aircraft's sur- 
face was achieved by the method of floodlighting. 
Lighting fixtures, located within the aircraft be- 
hind windows, floodlit highly reflective white pat- 
terns on the tail and aft fuselage surfaces. Flood- 
lighting utilizing both incandescent and ultraviolet 
lights was tried. In the case of the ultraviolet 
lighting the patterns were fluorescent painted in- 
stead of white. 

Subsequent extensive flight evaluations by ex- 
perienced Naval pilots showed a definite pref- 
erence for the delineation method of utilizing the 
linear formation lights. 


Carrier Landing Approach 


A problem unique to carrier-based aircraft oper- 
ations is the Landing Signal Officer’s concern with 
identifying the attitude of an aircraft making a 
earrier landing approach at night. The Landing 
Signal Officer depends upon the interpretation of 
the aircraft's exterior lights for approach control. 
Naval aircraft are equipped with the usual exterior 
lights plus an approach light. The present ap- 
proach light is a single lamp with a tricolor filter 
for presenting attitude information in the follow- 
ing manner : If, to the angle of view of the Landing 
Signal Officer stationed on the carrier deck, the 
light appears red, then the aireraft’s nose is too 
low or the aireraft is approaching at too high a 
speed. Green indicates nose high attitude or slow 
speed, yellow, the correct attitude for approach 
Another important indication furnished when the 
light is energized is that the wheels and hooks are 
in the locked-down position necessary for the land- 
ing. A new development has been the installation 
of three separate signal lights with carefully chosen 
color filters. These lights utilize information from 
a pitch gyro. A much higher level of brightness 
and a better distinctiveness of color have been ob- 
served with these lights as contrasted with the older 
approach light. More reliable information has also 
been obtained on the attitude of the aircraft. 


Conclusion 


These problems, so briefly reviewed, are typical 
of the work involved in developing design criteria 
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for aircraft equipment to meet the visibility re- 
quirements of the human operator. The pilot's abil- 
ity to control higher performance aircraft presents 
ever-new and more complicated problems. Our 
task is to gear our experimental laboratory studies 
to their solution. 


DISCUSSION 


W. C. Fismer*: The work of the Aeronautical Medical 
Equipment Laboratory has been of great assistance to the 
solution of many problems of lighting. Many of the recom- 
mendations of the Laboratory over the years are now com- 
monly accepted, though at first were objected to by many 
persons. Many recommendations which were found to be 
most desirable from a human engineering viewpoint have 
had to be modified as a result of other factors. Thus when 
aeronautical design makes it impracticable to incorporate 
recommendations, it is often necessary for the “best” method 
to be modified to a greater or lesser degree. This does not 
lead us to the premise that physiological and psychological 
research should be discontinued, but only that we must em 
ploy the data this research provides with common sense and 
in the light of other criteria. 

One of the most difficult lighting tasks is that of instru 
ment lighting. This task requires that the designer meet 
requirements which are very difficult and frequently contra- 
dictory. The problem is further aggravated by the great 
variation in instrument design and dimensions which creates 
many problems. The following design criteria apply to in 
strument lighting: 


(a) The lighting must be directed to prevent reflections 
in the cockpit enclosure and glare from direct radiation 

(b) The illumination must be relatively uniform over the 
instrument dial 

¢) The device must not interfere with mounting of the 
instrument or of adjacent instruments. 

d) The device must not restrict the visibility of the in 
strument dial from normal viewing positions. 

(e) The device must be simple, sturdy and allow ready 
change of lamps in service. 

(f) The device must not be a source of maintenance prob 


lems 


The present lighting fixtures reasonably meet the above 
requirements. They are at present the best answer to ade 
quate instrument lighting of the flange mounted instrument 
until the odvent of the internally lighted instrument. 

For the new clamp-on type instrument, the fixture is of 
no use. The space available for light assemblies and the 
devices for clamping and mounting the instrument preclude 
its use. Other methods must be found to meet this problem. 
At present, no device has been finally decided upon. It 
appears that a miniature flood light mounted very close to 
the instrument offers the best possibility for a solution to 
the problem. 

While the problems raised by Messrs. Brown and Alsher 
are of importance, the primary difficulty with exterior 
lighting of aircraft is not the flash rate or the configuration, 
but brightness and space. These two problems go hand-in 
hand. As aircraft speeds increase, space in the outer area 
of the aircraft becomes more and more critical. Also the 
*Department of Navy, Bureau of Aeronautics, Washington, D. C 
The views expressed are those of the writer and are not intended 
to represent those of the Department of the Navy 
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nformation that will be of much immediate value to the 
aireraft lighting industry 

Frequent reference is made by the authors to instrument 
dial marking brightnesses ranging from 280) mier 
lamberts of deep red illumination. In evaluating control 
snd instrument panels being installed in aircraft, brightness 
values of red illumination to be measured generally range 
from .0002 to 1 ft-L; the major interest is in values below 

The authors made no mention of equipment or techniques 
used i asuring these low levels of red illumination; | 
fully l limitations on length would preclude any met 
tion subjeet in a paper already including so muet 
materia 

There is no common agreement or understanding as to 
what type of meters should be used in measuring bright 
news of red (or any other color) illumination within the 
range indicated or as to how such meters should be cali 
brated 

The development and standardization of a procedure for 
measuring brightnesses below 1 ft L. must be resolved soon 


for several reasons: 


so that such work as Brown and Alsher have reported 
ean be repeated or expanded by others 

to make future studies on instrument lighting capable 
of comparison 

to allow consistent and equitable appraisal by m 
spectors approving or rejecting instrument lighting 


equipment 


The problem will be a difficult one because, apparently, 
on arbitrary seale of brightness will have to be established 
For a full explanation of factors involved, I refer vou to a 
paper, “Vision at Low Brightness Levels &. 
Taylor NaTING Vol. XXXVIIT, No. 2, 
February 1043 

Basically, the problem is first to evaluate the Purkinje 
effect and then apply that information to meter design and 
calibration 

The Purkinje effeet has been deseribed in several ways 
One way states “At some brightness level below 1 ft L, 
probably about 0.1, the eyes begin to change in their rela 
tive appraisal of energy of different wavelengths, becoming 
relatively more sensitive to the blue and less sensitive to the 
red end of the « trum.” 

Above one ft L the eyes remain essentially constant in 
their efficiency of converting light energy of different colors 
into brightness impressions 

Hence, if a blue and a red transilluminated panel were 
adjusted to equal photometric brightness (or luminance 
} ft L, and the energy from the lamps behind them reduc 
by 50 per cent, the resulting brightnesses would be 2'y 
ft L. for each. If the initial equivalent brightness level was 
0.5 ft L, and the energy were again reduced by 50 per cent 
the blue panel would appear brighter than the red. With 
initial equivalent brightness of .05 ft-L, a 50 per cent 
reduction in energy would cause an even greater difference 
between resultant brightnesses 

Hence, in calibrating brightness seales for colored light 
below 1 to 0.1 ft L, it is correctly assumed that brightness 
of the test surface decreases proportionately, with decrease 
of energy falling on it. This is called absolute calibration 

Below about 0.1 ft L it is necessary to correet absolute 
ealibration points for the Purkinje effect i.e.. for the pro 
gressive change in the eyes’ efficiency in converting light 


energy to brightness sensations 
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What error would oceur if the absolute calibration pro 
cedure were not modified to compensate for the Purkinje 
effect’? Fig 
indicates that for very deep red illumination (cut off at 


in the above mentioned paper by Taylor 


6100A) at a field brightness of .0002 ft L.. the error would 
approach 95 per cent; at © 1 ft L the error would be about 
50 per cent 

The degree of possible error, I believe, indicates the 
necessity for standardizing a method of calibrating meters 
to be used in measuring the brightnesses of red illumination 


involved in instrument lighting 


Lr. Con. Watrer F. Gaerner*: The paper by Brown and 
Alsher gives an excellent summary of our state of know! 
edge regarding a very important problem in the field of 
aviation, namely, “The Design of Aireraft Lighting to Meet 
Human Visual Requirements.” The authors are highly 
qualified to report on this subject. Mr. Brown, in particular, 
has specialized in this area for many years, and has prob 
ably im recent years contributed more to the improvement 
of aviation lighting for efficiency of the aircraft crew than 
any other single individual. I have been much impressed 
with the intensely practical approach of Brown and Alsher, 
and with the soundness of their recommendations. 

I have no critical comments to offer about the materials 
in this paper. Therefore, I will use my brief time instead 
to diseuss some further problems in the field of instrument 
lighting, and touch briefly upon several recent studies car 
ried out in the Psychology Branch of the USAF Aero 
Medical Laboratory 

Using ultra violet flood, red flood, and red indirect light 
ing systems installed in our C47 Airborne Laboratory, 
Major E. L. Cole has determined the luminance levels 
used by pilots in flight. The luminance values selected were 
in fair agreement for the three lighting systems. To be 
very brief, the following average luminance of the instru 


ment markings were found to be employed: (1) About .01 
footlamberts as the minimum for safe flight; (2) .02 to 03 
footilamberts for normal use; and (3) .06 to .10 footiam 


berts for comfortable instrument reading without concern 
about outside vision. These values provide a helpful guide 
to designers of instrument lighting systems. 

Using these luminance values, Captain L. R. Wileox of 
our Laboratory has made measurements of pilots’ dark 
adaptation in flight, using the red flood and red indirect 
lighting systems. Control measurements were made in a 
hangar in complete darkness. Even at the highest luminance 
level the loss in dark adaptation was hardly detectable, and 
certainly not sufficient to cause significant impairment of 
outside vision. This means, I believe, that our latest red 
lighting systems are successful in preserving dark adapta 
tion. Any further improvement in outside vision, therefore, 
must come through other improvements, such as elimination 
of windshield and canopy reflections which mask the direct 
view of outside objects. 

In addition to the red lighting systems already discussed, 
there appears to be a need for white instrument lighting 
of considerably higher brightness, probably 10.20 foot 
lamberts. Such additional lighting is useful for thunder 
storm flying and for simulated instrument flight using an 
orange hood and blue goggles. It may also be useful for 
daytime flight at altitude in certain aireraft, because of the 


instruments being in deep shadow. 


*Chief, Psychology Branch, United States Air Force Aero Medical 
Laboratory 
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The addition of high level white has given us three sepa 
rate lighting systems in some of our new aireraft; red in 
direct. red flood, and white flood. This could be reduced to 
two systems if the white, operatic at low voltage and 
hence low color temperature, could substitute for the red 
system. To explore this possibility Dr K. T. Brown 


of our Laboratory has compared the effeets on dark adapta 
tion of red flood and low color temperature white light, 
using a simulated instrument panel. Two noteworthy find 
ings came out of this study First of all, the white light 
must produce a higher luminance than the red to give the 
same instrument legibility. With lights equated for legi 
bility, there is a significant but small sacrifice in dark 
adaptation if low color temperature white is substituted 
for red. Therefore, in cockpits using indireet red as the 
primary system, we believe that a secondary white flood 
avstem, with a large range of voltage adjustment might 
make the red flood system unnecessary. 

In conclusion, I wish to again compliment Brown and 
Alsher on their outstanding work in the field of aireraft 
lighting 


T. O. Twist’ 
in the paper by Messrs. Brown and Alsher that a tremen 


It is apparent from information contained 


dous amount of work has gone into the study of aircraft 
lighting problems. It is gratifying to see that aircraft 
lighting has been raised from the status of an “after 
thought” and “quick decision” to one warranting * ientifie 
study for the many problems encountered in this field 

I was particularly interested in the references to instru 
ment lighting and the systems employed, since much of my 
time has been devoted to the development of new instru 
ment lighting systems for aircraft. I might add some infor 
mation concerning the lighting evaluation carried out by the 
Air Foree and Navy during the month of September 1949. 
The Navy's red lighting system evaluated in that test was 
the «vstem of individual instrument lighting shields, and 
not the false panel system, as implied. In the paper, men 
tion was made of two systems of lighting, the Air Force 
ultraviolet, and the Navy system of individual fixtures 


However, a third system was also evaluated. This was a 


system of fi lighting as proposed by the commercial air 


lines. It consisted of an installation of approximately 30 


alternated red and white 3-candlepower lamps mounted 
beneath a glare shield above the instrument panel, and so 
arranged that no direct light was visible to the pilot or co 
pilot. The white and red lamps were wired to separate 
rheostats so that the mixture of red and white light could 
ntrolled. An additional feature of the system was that 
ackgrounds in the cockpit were painted with a low 


be ¢ 
the | 
gloss gray enamel. This system was found to be less de 


sirable than either the ultraviolet or the individual fiature 
lighting since the final tabulation of results of the flight 
evaluation showed pilot preference as follows: Navy, In 
dividual Fixture, red lighting, 62 per cent; Air Foree, ultra 
violet 27 per cent; commercial, 11 per cent. 

In the paragraph titled “Instrument Lighting” the au 
thors state that, “Although the lighting produced by these 
shields (individual instrument shields) is fairly uniform and 
causes a minimum of reflections from the canopy, neverthe 
less certain instruments show distinctly decreased levels of 
legibility.” 

In support of this, the lighting of the turn and bank 


*Naval Aireraft Lighting Unit, National Bureau of Standards, 
Washington, D. ¢ 
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on the identifiability of flashing lights. 


involved, 


R. A. Rveor* It is suggested that the thought in the 
third sentence under the subhead “Effect of Floodlighting” 
should stress the benefits of depth pereeption that is pro 
vided as a result of low level floodlighting 


This sense of depth perception along with the orientation 
gained from faint silhouettes under low floodlighting pre 


pares one's eyes for reading indireet lighted panels and thus 
the that the for focusing 
starting the searching operations involved in reading 


saves time eves require and 


The eyes are like any servo mechanism in that they need 
tome for the coarse and fine adjustments as well as for cor 
rection of overcontrol by the eve museles 
F. R. Brown and Davin ALsuer**: The authors are deeply 
appreciative of the constructive comments offered by those 
who have discussed this paper. Each comment adds to the 
We should like 
to add further clarification on some of the points raised in 


collective body of information in this field 


the discussions 


Mr brightness and 
«ize limitations are the primary current problems in exterior 
lighting, rather than flash rate 
that the 


Fisher emphasizes that inadequate 


or configuration. It is quite 
true required distance of visibility of exterior 


lights in higher performance aircraft is not being obtained 
hecause of Lacking suffi 
. time for detection, recognition and 


limitations of source intensity 


cient visibility distance 


response is significantly reduced. Therefore, in the absence 


of brighter sources, the available response time is being 


Increasing the attention getting qualities 
of existing lights so as to shorten the time needed for their 


eritieally reduced. 


detection and recognition is the necessary recourse to over 


come, in part, the deficiency imposed by reason of the 


dangerously close distances at which the lights ean be seen. 
Flashing schemes for the lights are directed toward getting 
some increment of attention getting power within the limits 
of visibility 


that a 


mposed by the brightness. It is true, however, 


more significant improvement in exterior lighting 
visibility range through an 
Improvements in flashing 
schemes and configuration, of course, would also be appli 


to these 


would come from extending the 


inerease of effective brightness 


cable 
Mr 
suggests the 


brighter sources 


Laufer asks a pertinent 


The 


light combination is puzzling to him 


juestion to which he also 


answer use of the yellow and white tail 
because an airplane 
needs to pull away only a short distance for the two lights 
to become indistinguishable as to color 


to differentiate 


He adds, “maybe it 
is important between the two flashes only 


at short distances.” 


We point out that it is important, for 
close in recognition at dangerously short distances, to have 
a color and configurational differentiation of two tail lights 


In particular, in the traffie pattern, where it is very impor 
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tant to recognize distance and direction of movement of the 
tail of another aircraft, the colored lights and their separa 
tion would have useful distinguishability at the critical dis 
Further, to overcome the problem of tail and wing 
tip confusion, we would suggest that the white light flash 
with the other aireraft lights and that the amber light 
remain steady 

As to red illuminated cockpits, there are many considera 


tances 


tions in favor of white lighting that are quite valid, as Mr. 
Laufer indicates. However, given present operational re 
quirements, red light is the best. Since we have reason to 
believe that a high degree of pilot dark adaptation in certain 
kinds of aircraft operations and adequate legibility of com 
plieated cockpit displays are both needed, it follows, as our 


investigations indicate, that red cockpit lighting is the best 
scheme to satisfy these requirements. 

Mr. Miller discusses a very important and fundamental 
topic when he brings up the subject of photometry. The 
point is well taken that, if the Purkinje effect is ignored, 
the errors of measurement are significant. In our measure 
ments we used a Macbeth Llluminometer calibrated espe 
cially for the low-level region of illumination, where most 
of our measurements were made. ‘For this purpose, the 
Hartline attachment was used to reduce the size of the 
standard field to the size of the illuminated area being 
measured. This unit also includes means for using standard 
color filters to change the comparison field color to the color 
of the field being matched. 


A New Laboratory for Lighting Design Data 


Additional Discussion and Rebuttal on paper by W. M. Potter and A. H. Russell 


(Published December 1951, ILLUMINATING ENGINEERING, pp. 619-627) 


Joun A. Losu*: Increasing doubt is being cast upon the 
data of the lumen method, both derived and extrapolated. 
We know, as the authors point out, that we do not have 
the same conditions today as the original investigators had. 
Figure 6 of this paper points out the variation between 
experiment and lumen method calculations. 

Figure 7 
only it has been plotted as a function of domance instead 


shows the same data as is shown in Figure 6, 


of room index. A comparison between measurement and 
interflectance calculations is lacking. 

The interfleetance method would have predicted a higher 
k, for the authors’ Plan 1 over their Plan 2. This can be 
shown as follows: 

The luminaire throws light only to the walls and floor. 
The efficiency of the luminaire is 1.00 for both plans. Then 
the coefficient of utilization is numerically equal to the 
interflectance according to the equation 

k=f-g 
f = interflectance 
efficiency 


Because the luminaire throws light to the walls and floor, 
the interflectance is determined by the ejuation 

f=f, F,/Fy + Fs/F p 
where the subscripts 1 and 3 refer to the walls and floor 
respectively. F, = lumens from luminaire = lumens from 
lamp in this experiment. /, is, for equal conditions, always 


*Smithcraft Lighting Division, A. L. Smith Iron Co., Chelsea, Mase 


FEBRUARY 1952 


greater than /,. Fs/F,) is greater in Plan 1 than it is in 
Plan 2, therefore the interflectance, hence ky is greater. 
Could the authors give a quantitive answer to this qualita 
tive argument, based on their data, if only for a k, of .80? 
It is hoped that the insufficiency of interflectance data, 
as ealeulated by the SQQ committee, will not be a sufficient 
deterrent to a proper understanding of this method. Inter 
flectances can be caleulated for any ceiling height. 
Referring again to figures 6 and 7, the difference in k, 
between Plans 1 and 2 increased as the large room is ap 
proached. (RR —~ o or k, ~ 6.) As the room becomes 
very large, however, and for the distribution and other con 
stants shown, the walls should have a decreasing effect on 
k,. In the infinite room, the coefficients should be the 
same. This is not apparently the case in the authors’ ex 
periments, and I would like to ask them to obtain data down 


to a k, of about .10 to check this point. 


W. M. Porrer and ANson Russeu.*: We agree with Mr. 
Losh that utilization values for different luminaire loca 
tions should approach each other in rooms considerably 
larger than those included in Figures 6 and 7 and should 
become equal in an infinite room. Two curves such as those 
for Plan 1 and Plant 2 diverge and then converge at differ 
ent rates depending upon the candlepower distribution and 
reflectance conditions. 

We expect to explore larger rooms which will most likely 
suggest the convergence of the two curves in question. 
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Ceiling technique combining louverall sections, 
standard fluorescent luminaires and recessed incan 
descent louvered reflectors, in a furniture store 
The metal louverall ceiling has six 8-foot T-12 
lamps mounted 24 inches on centers above each 
24-inch section. The lamps are installed in a semi 
concentrated type reflector. The standard fluores 
cent luminaires are ceiling mounted lamp units 
equipped with egg crate louvers Incandescent 
lighting is combined with the system. from recessed 
200 watt lamps in silver mirror semi-concentrating 
glass reflectors with concentric louvers. Average 
level of Ulumination in service is 36 footcandles. 
Phote courtesy of Duquesne Light Co., Pittsburgh. 


Ceiling Techniques 


Shown on these pages are examples of store 
installations in which construction problems 
have been solved by various techniques of 
ceiling treatment. 


Beam construction in this long narrow jewelry 
store dictated this rather unusual layout of a 
combination of recessed fluorescent two-lamp 
troffers equipped with glass bottoms, and 200- 
watt inside frosted lamps in silvered mirror 
symmetrical glass type reflectors equipped with 
louvers. This combination of finorescent and 
incandescent lighting was recommended to pro 
duce color and sparkle on the merchandise. Illu- 
mination level is 90 footcandles average. Photo 
courtesy of Duquesne Light Co., Pittsburgh. 


Incandescent lighting is effectively used in this 
ceiling pattern highlighting the jewelry depart- 
ment of Halle Brothers, Cleveland. Eleven 
air diffuser units on 21° by 20° centers are 
equipped with 150-watt projector floodlamps. 
These units are adjustable and may be directed 
toward merchandise it is desirable to highlight. 
Fifty-three recessed 18” Fresnel lens, opal-glass 
units, each equipped with one 75-watt bipost 
base lamp, spaced 11 feet east and west and 13 
feet north and south, supply the general light. 
ing. Illumination levels are of the order of 41 
footcandles on counter tops. Photo courtesy 
General Electric Co., Lamp Dept., Cleveland. 
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The problem of lighting a long narrow store 
has been met in this installation with a ceil- 
ing technique using louvered panels. At the 
Stetson Shoe Store in Pittsburgh, Pa. 48 
louver sections 30” x 36” are hung below 63 
40-watt lamps mounted on single strips, each 
with a reflector. Average level of illumina- 
tion in service is 50 footcandles. Photo cour- 
tesy of Duquesne Light Co., Pittsburgh. 
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‘ In this huge area—-4000 square feet of 
the May Company store in Los Angeles 
a louverall ceiling conceals a maze of 
unsightly pipes and rough beams. De 
spite the proximity of some of these ; <4 
pipes to the louver, very few shadows 7 
are noticed. In this ceiling, louvers are 
3-inch square cells ir. 32-inch square 
sections, mounted 9 feet 4 inches, with : is 
a 20-inch cavity. Some 180 luminaires ‘ 
were required, using T-12 instant start 
slimline lamps with 425 ma ballasts. 
Illumination levels are 77 footcandles, 
with brightness values of 40 footlam- 
berts at 30° and 85 footlamberts at 45°. 
Photo courtesy Sylvania Electric Prod 
ucts Inc. 


CANDIE> 


A uniform ceiling pattern has been made possible 

in this Memphis store by allowing the modules of e 

the louverall ceiling to control the size of the soffit 

built around the beams which run the length of the 

rear area. R d incand it spotlights were 

added to give accent lighting and dramatic effect 

to the merchandise beneath. Square aluminum 

louver grid sections, 32”, conceal fluorescent units 

suspended from the original ceiling. Two eight-foot 

4 units are mounted in tandem, using 75-watt slim- 

i line tubes. All wiring and air conditioning equip- 
ment is concealed above the louverall ceiling, which 
furnishes a maintained lighting level of approxi- 


mately 50 footcandles. Photo courtesy of Sylvania 7 
Electric Products Inc. Ce 
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OME Economies Education bas had a pro 
found effect upon the development of the 
American standard of living. From its 
origin it has been an evolution from concentrated 
interest in foods and nutrition to an education 
which encompasses the whole complex procedure of 
Family Life 


the most vital unit of society, basic to a sound social 


Today ‘‘The home is recognized as 


Wherever there are homes there is need 
‘1a 


structure 
for education in the many aspects of home life 

Colleges have expanded their courses in this sub 
ject from laboratory studies to practice teaching 
loday'’s student knows not only what, but why, 
certain practices are recommended. This teaching 
trend has been particularly evidenced in the teach 
ing of electrical service through the understand 
able usage of electrical appliances, such as ranges, 
refrigerators, washing machines, small appliances, 
et The value of these labor-saving, safe, efficient 
devices in homemaking practice is well accepted 
Within recent vears educators in this field have 
appealed to us to aid them in developing means 
and methods for teaching an understanding of 
good lighting practices 

As a result, time has been taken to gain an un 
derstanding of this field of education; to observe 
teaching methods; view such material properties 
and facilities as are now available for use, and also 
to review such endeavors as have been made to 
introduce the subject of artificial light and lighting 
as teachable material 

\ reviewing of the available reference literature 
related to Home Economies Education reveals the 
fact that there is some very good material which 


guide to meeting the general aims 


would serve as a 
of the edueators. These are listed under references 
The volume ‘‘Management in Family Living,’’ by 
Paulena Nickell and Jean Muir Dorsey,* deserves 
special mention for its complete and competent 
handling of this complex subject 

That the educator has had fully qualified reasons 
for complaints regarding past solutions offered in 


revard to lighting is evidenced by a viewing of 


onference of the 


ty, August 1951, Washington 
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the most recently constructed Home Management 
Houses and Apartments. Those responsible for the 
planning and designing of these practice-teaching 
units have given too little consideration to the aims 
of the educators. The lighting equipment installed 
was all too often of the commercial type, not resi- 
dential. Little or no regard had been given to the 
relation of lighting application to the activities in- 
volved. As a result, there is no opportunity to 
teach the whys of good, recommended lighting 
practices which will have a carry-over into post- 
school life 

The purpose, therefore, of this paper is to pre- 
sent by the use of drawings, types of lighting equip- 
ment and installations which could be used for 
teaching. These units, if desired, might be used as 
laboratory equipment only. But realizing that good 
lighting, like all the other good contributions to 
life, must be lived with to be fully appreciated, it 
is eur opinion that these units would serve best 
for practice teaching if incorporated within the 
Home Management House. The liberty has been 
taken, therefore, of presenting these lighting teach- 
ing units within room areas. Doing this shows how 
naturally and normally they fit into the whole de- 
velopment of home management and house plan- 
ning. 

I have termed this method of lighting applica- 
tion “Visual Planning.” It will give organization 
to interiors without regimentation. The procedure 
is as follows: 

First, list the visual requirements connected with 
the activities which you are planning for within 
the room area. Then proceed to organize on the 
floor plan the furnishings that are related to these 
activities. The next step is to develop the eleva- 
tions, for only with elevation plans can interior 
designs be developed which will render service 
efficiently to the visual effort required for mental 
perception and the direction of bodily movements 
when performing any given activity. When this 
procedure is followed, lighting requirements will 
readily become evident and easy to solve. The 
range of light sources and methods of light control 
available today make possible a lighting solution 
for almost every seeing requirement. It is regret- 
Continued on page 90 
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VISUAL PLANNING 


om 


A-STUDY DESK LIGHT. FLUORESCENT 
2. 20 wart 


NER A 
PAINTED WHIT’ 


B- STUDY DESK LIGHT. FILAMENT 
2-100 WATT FILAMENT LAMPS 


DOUBLE BEDROOM ano STUDY - 


AREA 224% REST ano PERSONAL ACTIVITIES 


ADJUSTABLE 
FRONT SHIELD 


APPROXIMATE LIGHT CUT OFF 

NORMAL POSITION ATOA 

45°. 
NWARD 20 croc 


Pigure 1. 


Reading and writing, seated position. (A) Fluorescent 
wall unit, adjustment 7” horizontally. Movement of unit 
will demonstrate the interrelation between the angle of 
reflected light and the viewing angle of the user. (B) 
Filament wall unit, vertical movement for adjustment to 
eye level for eye protection. 

Clothing selection (wardrobe storage)’ and assembling 
of costume ensembles (full-length mirror). (C) Wardrobe 
light. 

Facial make-up and hairdressing. (C) plus (D) Dress- 
ing cabinet light. Effect of two lighting distributions, 
downward and upward directions of light, plus combined 
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distributions on complex surface form of face and head. 

Reading, reclining position. (BE) Bedlight, adjustable 
feature alters lighting distribution, 45° above and 20° 
below the horizontal. 

Sewing, mending and manicuring. (F) Swing-arm lamp 
(50-150 watt) in extended position. 

Casual reading, seated in upholstered chair. (F’) Swing- 
arm lamp (50-150 watt) in closed position. 

Pressing. (G) Recessed unit for 150-watt reflector 
lamp. Two distributions, spot or flood. 

Maintenance, cleaning and packing. (H) Ceiling fix- 
ture, 20” diameter, 4 50-watt or 5 40-watt. 
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VISUAL PLANNING ~ UPSTAIRS STUDY ano COMMITTEE ROOM - AREA 143° MULTI-PURPOSE ROOM 


B-JUNIOR FLOOR LAMP) DESK ano END TABLE LAMP 
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T 


D- LOVE SEAT SOFFIT 


PECONME® 


Relaxed reading in a high back chair within limited 
space. (A) Senior floor lamp, height adjustment of 9” 
above or below the recommended height of 49". Effect 
upon lighting quantity and visual comfort of the other 
occupants of the room. 


Reading, small-scale chair. (B) Junior floor lamp. Dif- 
fusing bowl, reversible for high to low brightness. 


Reading and writing at desk. (C) Portable lamp, mov- 
able light source. Effect of source position within shade 
on lighting results. Shade one-half opaque and one-half 
translucent, visual comfort of unit in relation to back- 
ground. 


Reading, seated in chair, 25” high end table. (C) Port- 
able lamp, movable light source. Effect of source position 
within shade on lighting results. Shade translucent 
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COUNTER WEIGHT: 
AT sec TION 


fabric; 16” bottom; 8” top; 14” depth. Effect of bright- 
ness distribution of shade. 

Reading, seated or reclining. Love seat bed. (D) Soffit, 
built-in fluorescent unit. Utilizes limited space. Reflectors 
of polished metal are removable by pulley mechanism. 
Demonstrates effect of directional control. 

Restoration of daylight effect. (E) Fluorescent valance 
unit. 

Restoration of daylight effect, plus magazine selection. 
(F) Fluorescent valance unit. 

Bulletin Board notices. (G) Fluorescent lamp back of 
4” wood shield. 

Machine sewing. (H) C.L.M. wall lamp (50-150 watts). 
Recommended positioning. 

Fine, detailed work. (I) Ceiling installation providing 
high levels of illumination. 

Card playing; general activity, such as cleaning, etc. 
(J) Ceiling fixture, 19” diameter; 4 60-watt or 5 50-watt 
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Figure 3. 


This unit of kitchen space is designed so that with 
approximately equal lumen quantities it may be lighted by 
either filament or fluorescent lamps. Metered separately 
from the rest of the house, tests could be run on initial 
cost versus operating cost, lamp life, maintenance, per- 
sonal preference, etc. The use of Trol-E-Duct, mortised 
into the ceiling, makes it possible to alternate even the 
ceiling fixtures. 
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Within the dining alcove two levels of lighting are 
provided. (G) Square ceiling fixture (19”), using 4 60- 
watt filament lamps, and (H) recessed fluorescent light- 
ing. These systems both offer a decided change from the 
utilitarian lighting of the kitchen area. 

The planning desk. (F) Uses a built-in study desk, 
fluorescent lamp installation, 2 20-watt lamps, position- 
ing the same as for (A) in Figure 1. 
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Figure 4. 


The adjustable teaching unit in this room is located on glass shelves, and 2. side cross-lighting required for center 


the east wall. (A) Three lighting effects, individually con- wooden shelves. (D) and (EB). 

trolled. 1. Valance, open top and bottom, lighting both As the plan illustrates, the south wall has two closets 
ceiling and wall surface; 2. Vertical surface, wall light- between which is a built-in cabinet, 34” high, for the 
ing, top closed, and 3. Cove effect, ceiling lighting only, storage of electrical appliances, toasters, waffle iron, sand- 


bottom of unit closed. By the use of two sets of draperies wich maker, etc. When the top is used for serving buffet 
it is possible to demonstrate the effect of light absorption suppers, it may be lighted by the fluorescent, concealed 
by dark materials versus light reflecting draperies, and lamp in back of the valance shield. (F). 
the resulting effect upon the room and the individual. This room is so designed that it may be converted into 
The north wall cabinet, which contains planned storage an extension of the living room, made into a study or 
for silver, table linen and extra leaves, as well as dishes used as a music room or children’s play space when de- 
and serving dishes, also incorporates two lighting applica- sired. Convenience outlets make provision for the addi- 
tions 1. Down lighting made possible by the use of tion of portable lamps. 
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Figure 5. 


This living room has been designed as an example of place at any particular time. Such a room will provide 
the fact that most living rooms are just a comfortable variable, delightful livability for its members. It really 
expression of family living, not examples of high decora- offers competition to outside-the-home interests and de- 
tion. Modern lighting practices can be applied without cidedly invites relaxed companionship for family members 
disrupting this feeling, rather they add to the functional and friends. 
usage of the room, expanding its service to family Only one room arrangement is here presented. At least 
living. three others could be made with the furnishings illus- 

A variety of lighting combinations may be used, all trated, as all features, including the lighted bookcase and 
dependent upon the effect desired for the activity taking breaker, are movable. 
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able that this form of electrical service has been 
so long used incorrectly and with such great eco 
nomic and human energy waste. The lighting ele- 
ments presented make possible the demonstration 
of lighting principles as active living applications. 

All equipment design conforms to recommended 
quantities and qualities of lighting as set forth by 
LES. Recommended Practices for Residential 
See Reference Nos. 17-20.) The use of 
this method as a basis for teaching would enable 


Lighting 


the students to prove to themselves why certain 
lighting practices have been found to be good and 
are, therefore, recommended 
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DISCUSSION 

Euizaseru In my opinion, the principles set 
forth in this article definitely meet a vital need for aesthetic 
and artistic satisfaction within the furnishings of a home 
management house, but most important of all meet the 
requirements of eyesight protective lighting. This is a func 
tion universally neglected throughout the homes of today 
and particularly in the home management houses and col 
lege dormitories where visual tasks are being performed 
constantly under inadequate lighting conditions, thus caus 
ing much eyestrain and defective vision. Therefore, our 
lighting educational task must be a constant presentation of 
written and illustrated information, such as Miss Leighton 
has done in this article, until college and other educational 
authorities finally ‘‘see the light’’ and accept it as a 
required part of the courses taught in Home Economics 
Education. 

The facts presented by Miss Leighton have a natural 
s of students of all ages. All grade, 


application to the ne 
high school, and college authorities need to accept these 
truths and practice them not only in the classroom but in 
the home living areas. Never has there been so great a need 


for these basie facts to become a required part of teaching 
home management: yet those in charge of planning such 
courses of study have failed to recognize the importance of 
teaching this phase of health and family living 

As to the fact that lighting has been a neglected portion 
of home economies teaching, I speak from experience. 
While I was a home management teacher and supervisor of 
three residences on the campus of one of the most out 
standing of our southern colleges, I tried desperately to 
gain consent of the college authorities to install adequate 
lighting in these houses. The budget committee would not 
hear of doing so and would not even consent to purchase a 
few portable lamps for the study and sewing areas, thus 
forcing the students to continue studying by overhead ceil 
ing fixtures suitable only for general lighting. I resorted 
to the teaching of some lighting principles by demonstra 
tion with the light meter and a personally owned LES. 
study lamp in my classroom lectures, but could not give 


laboratory practice within the management houses for such 


lighting 
I say again, therefore, that this educational task is a 


study 


great one that we must continuously promote until educa- 


tional authorities take some action upon it 


Marion Watker**: In the July 1951 issue of ILLUMINATING 
ENGINEERING the Committee on Residence Lighting of the 
Illuminating Engineering Society reported on an approach 
to planning for home lighting by definition of areas to be 
lighted, with respect to furniture and furniture groupings 
und in relation to the eyes of the user. The idea has been 
further developed in Miss Leighton’s report with excellent 
suggestions for the teaching of lighting in home manage 
ment houses in home economies schools and colleges. “Visual 
Planning” as described by Miss Leighton would precede, in 
this ease, an understanding of the objectives of the home 


management houses and needs of the students for home 


*Regional Home Economist, Rural Electrification, Washington, D. ©. 


**School of Home Economics, University of Georgia 
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management living. Her report indicates an awareness of 


many of these needs and objectives. 

Objectives in the various schools differ. However, usu 
ally a small group of students live in the houses for a 
period of from three weeks to a semester, and each student 
at some time during this period is responsible for all of 
the various activities carried on in the home. Scientific 
principles learned in the class room are applied and evalu 
ated in terms of everyday living, and practice is gained 
in homemaking skills learned in the laboratory. It is im 
portant, therefore, that facilities in the house permit appli 
eation of principles the student has learned ; otherwise, they 
may be forgotten or discarded as unimportant. Unfortu- 
nately, there is a lack of engineering knowledge in the 
planning of lighting in home management houses. Emphasis 
is usually placed on the creation of attractive looking 
rooms, with little thought of activities for which the light 
ing is to be used. Colleges too often overlook the opportu 
nity for further teaching of lighting and housing through 
living in functionally-planned home management houses 
which incorporate the best practices in these areas. 

Home management houses are used as laboratories for 
teaching lighting in many schools. It is felt that in this 
way students are likely to be more alert to the type and 
quality of lighting used when they come to live in the 
houses and will have a better background for evaluation of 
it. Miss Leighton’s suggestions for more flexible lighting 
offer many possibilities for more effective teaching through 
use of the houses as laboratories in home lighting courses. 

Specialists in the field of family housing and home man 
agement would possibly disagree as to the feasibility of the 
large bedrooms and two full-length mirrors in each of the 
bedrooms from the standpoint of economy. Some authorities 
suggest that the beds be two or three feet from the wall to 
facilitate the changing of linens, and the American Health 
Association has set a distance of three feet between beds 
as the minimum recommended to help prevent the spread of 
infectious diseases. Little research has been done in the 
field of housing, however, and few principles established. 
Miss Leighton shows an understanding of many of the 
problems, and so far as the writer knows she has presented 
the first complete lighting reeommendations for the teaching 
of lighting in home management houses. Her report is 
timely and presents a new approach to planning and the 
teaching of lighting in schools of home economics. 


Eprrn L. Bucnnoirz:* Miss Leighton has done an excellent 
job of designing laboratory equipment for teaching home 
lighting to Home Economics classes. One cannot study these 
drawings without getting the urge to develop them further, 
and without realizing the potentialities for their use. First 
of all. I would like to see designs of this type extended to 
lighting applications in the two missing rooms — the utility 
or laundry room and the bathroom. One specific design that 
I would like to see developed further is the love seat light 
ing in the multi-purpose room. There is a pulley system 
designed to raise and lower the reflector, thus suggesting 
to the student the advantages of using such equipment 
above the lamps. If this were designed so that you could 
show the student not only the effect with and without 
a specular reflector, but also show the effect of a good 
reflecting surface such as you have around the light source 
in the kitchen sink valance and the noticeable effect if such 
a surface is of low reflectance. The device, of course, might 


*Westinghouse Electric Corp.. Lamp Div. Bloomfield, N. J 
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be a little more complicated to build, but it seems to me 
that the added teaching points would make it worthwhile. 

Referring to the kitchen installation, I have a question 
about the light sources. In view of the possibilities of 
eventual widespread use of de luxe fluorescent lamps in the 
home, would you have recommended two 40-watt lamps 
over the sink, had the span been long enough? 

In my opinion an indication of white or light-colored 
reflecting surfaces should be included in the drawings where 
they are definitely needed for satisfactory lighting results, 
such as the areas around the light source in the sink valance, 
bed lighting valance and dressing table units. 

While excellent desk lighting units have been provided, 
in the bedroom study room the lamps designated as fur 
nishing lighting for hand sewing, mending and manicuring 
are not an example of the best units recommended for 
these tasks. I realize that excellent lighting for fine work 
is available in the committee room but, of course, only one 
girl at a time could use this area. 

As a whole, I believe these devices would prove very help 
ful to any instructor teaching a unit on residential lighting 
and may even encourage some schools to plan more exten 
sive educational work in this field. However, having had a 
taste of Home Economics, both as a student and on the 
teaching staff of a large college, I cannot entirely agree 
with the statement that these devices “would serve best for 
practice teaching if incorporated within the Home Manage 
ment House.” My reasons are twofold: (1) Home Eco 
nomics students generally do not enter the home manage 
ment houses until their senior year. All the basie labora 
tery background study on food preparation, clothing con 
struction, textiles, housing and household equipment are 
learned during the Freshman, Sophomore and Junior years 
of college, so that work in the home management house is 
a matter of applying facts already learned. I feel that a 
study of lighting equipment should also be included as 
laboratory study during the earlier years of college — not 
delayed until the senior year. (2) Basically, the Home 
Management houses are designed to be homes, not labora 
tories, and for the most part they are operated on a specific 
income level. Thus, it seems more logical to me, to install 
a single adequate lighting system in each house represen- 
tative of its particular economic level, than to install a 


series of experimental devices. 

Thus, in the Home Management house, the college senior 
would not be confronted with new fundamentals or with 
lighting laboratory conditions. With all of this basic study 
accomplished as part of one or more courses during the first 
three years, the home economics student in her senior year 
would be well prepared to intelligently experience and ap 
preciate living with good lighting, as it might normally 
vary house-to-house according to economic level. 


Kaye A. Leientron*: The author appreciates the time and 
effort given by the diseussors in comment upon this paper. 
It seems the best procedure is to comment on each discus- 
sion separately and in turn. 

Discussion No, 1. Miss Elizabeth O’Kelley, whose present 
position is as a Regional Home Economist for the U. 8. 
Department of Agriculture, Rural Electrification, Washing- 
ton, D. C., has an excellent educational background and a 
long period of wide experience in both academic and prac 
ticing work in the field of Home Economics. This wide 
experience, which encompasses both an educational and a 


* Author. 
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commercial knowledge over a large territorial range, makes 
her comment of value It certainly constitutes a vote of 
confidence for the continuation of such endeavors in this 
field of lighting education and application 

Discussion No. 2. Mra. Marion Walker is at present 
Assistant l’rofessor of Household Equipment, School of 
Home HEeonomics, University of Georgia She has given 
tangible evidence of her interest in and desire to forward 
the teaching and practical application of good lghting 
principles in Home Economies Education. In addition to 
thie she hae a fine background working knowledge of the 
work now being conducted in housing research and develop 
ment by various groups. She could, therefore, evaluate the 
content of the paper in regard to its contribution to, and 
coordination with, this educational approach to the improv 
ing of current housing practices for student teaching and 
post school application. For these reasons her comments are 
dd 
In Paragraph 4 Mra. Walker cites the two features which 


of great value and much apprecia 


she feels might reeeive ecriticiam. In both cases planning 
could be altered to adjust. The reason for providing two 
full length mirrors was to establish a consciousness of the 
need for equal dressing facilities for members of a family 
when an overlapping of time is a factor in home manage 
ment 

As to the second point, distance between beds, the room 
size selected was that given by Ramsey & Sleeper, Archi 


teetural Graphic Standards, for University Housing’ Type 


No Double Study and Bedroom Areas Large, 250 aq 
ft Medium aq. ft.; Small, 200 aq. ft. The conserva 
tive choice of mediam size was made. Aside from this space 


limitation, I am in perfeet agreement with the points cited 
It is evident that more square footage would be required to 
execute the plan. This is nevertheless a good thing to know 
in advance, as too many houses are composed merely of 


allotted «pace areas, requirement development never being 


taken inte consideration until the time of occupancy. As a 
result of this, both room arrangement and necessary storage 
facilities are sacrificed 

No, 3. Minas O'Kelley and Mrs. Walker have 
grasped the full intent of the paper, and they have clearly 
expressed their appraisal of the need for this paper. Miss 
Buchholtz overlooks the broad concept of “Visual Planning” 
and the great impact that we feel it is going to have on 
both the teaching of lighting and the design of all homes. 
Today we are establishing new patterns for family life, and 
Visual Planning will become of extreme significance in this 
development 

The nature of Miss Buchholtz’ comments indicates that 
she was formerly a student and later a member of the 
teaching staff of a Home Economics College. It should be 
noted though that her overall comments are in direct con 
tradiction to those expressed by the other two highly 
qualified diseussors. From years of working with students 
and the public we know the value of having demonstrable 
lighting elements in their natural environments. We cannot, 
therefore, accept the proposition of a single fixed lighting 
system for the home management house. This completely 
defeats one of the fundamental purposes of the house, that 
is, the application of scientific principles learned in the 
classroom and evaluated in terms of everyday living. 

The basic principles of lighting for living are essentially 
the same for all income levels. Therefore, there seems to be 
no valid reason for thinking of these as being subject to 
change with the size or style of a house or the income level 
of the family 

The Papers Committee of the Society has established 
fixed limitations on the volume content of convention papers. 
Complying with these specifications necessitates a. close edit 
ing of content. Many operational aspects of this and 
related materials could not, therefore, be included. We con 
sider this paper merely a beginning in the educational field. 


Did You Know ... 


that over [6 per cent of Sweden's generated 
eighteen and a half billion annual kilowatt 
hours comes from water power?! Sweden is per 
haps the only country teday with excess elec- 
tricity, and plans are being considered to trans- 
fer power by submarine cable to Denmark 
where local fuels or hydro-power are almost 
wholly lacking. Roughly half the generating and 


distributing companies are privately owned, 


the remainder by the State or Municipal author- 
ities. Distribution system standardized is three 
phase a-e 380/220 volts. 

Much of Norway's potential hydroelectric 
power is undeveloped for lack of capital, hence 
the use of household and commercial electricity, 
such as for heating and lighting, is considerably 
restricted. (Information submitted by 8S. G. 
Hibben, I.E.S. President 
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Dust Box and Field Trial Tests of De-Staticizers as 
Used on Polystyrene Luminaire Panels 


By GEORGE P. WAKEFIELD 


OLYSTYRENE plastic is used to a consider- observed. This report attempts to analyze the 

able extent in present day fluorescent lumi- problems of styrene in relation to luminaires. It is 

naires for luminous side panels or luminous not a complete report as de-staticizers go on ad 
louvers. Its primary function is one of trans- infinitum. 


mitting a small degree of flux to the eve, thereby Method of Dust Box Test 


producing a luminous side panel or louver. For ta 
In order to study styrene panels on luminaires a 


dust box 50 inches long by 16 inches high by 16 
inches wide was built. In it was suspended a 
lighted luminaire. The dust medium consisted of 
earbon black powder and wool vacuum cleaner 
sweepings. To activate the dust a jet of air was 
forced along the bottom surface of the box. After 
each test the dust was allowed five minutes to be 
attracted to the styrene. The amount of lint visible 
on the inner side of the panel determined the 
rating of the de-staticizer. The inner side of the 
panel was used tn these tests because it provided 


side panels this luminous effect is of primary im- 
portance in imparting a luminaire side brightness 
comparable to the normal viewing background. For 
louvers a characteristic of luminosity or lightness 
is obtained which is advantageous. 

All these inherent qualities of styrene are of 
little practical use if the plastic, by virtue of its 
ability to attract dust and lint with its electrostatic 
charge, is no properly de-staticized. After discov- 
ering the importance of a charge inhibitor from 
installations in the field it was apparent that if 
styrene was to continue assisting luminaire de- 


signers its efficiency should be studied and remedies 
, particles which would not be an indication of static 


a protected surface free from gravity failing dust 


This paper bes been reviewed and approved by the I.E.S. Sub attraction. 
Committee on Depreciation in Maintenance of (Office Lighting In the dust box test, to first test the operation 


Systems 


Author: The F. W. Wakefield Co., Vermilion, Ohio of the box, a water washed piece of styrene was in- 


TABLE I.—Dust Box Tests. 


As Coated Dry Rag Wipe Wet and Dry Rag Wipe 
Description of De-Staticizer Supplier Score- Charge’: Score’ Charge’ Score’ 
None Dirty Heavy Dirty Heavy ; Dirty 
Vel” mixed with water Colgate Clean Shght Dirty Heavy Dirty 
Merix” anti-static compound *79 Merix Chemical Co Clean None Clean None Clean 
Chieago 11, 
Anstac” P. 8S. lot #858 Chem. Dev Corp Clean Shght Clean Heavy Dirty 
Danvers, Mass 
D-Stat B Roxbury Chem. Works Clean None Clean Heavy Dirty 
Centerdale, RI 
Wileo” Plastic Cleaner *5 Wileo Company Clean Heavy Dirty Heavy Dirty 
Loew Angeles, Calif 
Tetra Sodium Pyrophosphate E. 1. duPont Clean Heavy Dirty Heavy Dirty 
Crasselli Division 
Johnson's “Glo-Coat Johnson Company Clean None Clean Heavy Dirty 
Racine. Wisconsin 
Plastic panels with standard solution Clean = ¥ Heavy Dirty Heavy lhirty 
as supplied by Manufacturer A 
Plastic panels with standard solution Clean Heavy Dirty Heavy Dirty 
as supplied by Manufacturer B 
Mac's speed glaze (car polish Mac's Super Glass Co Clean Shght Dirty Heavy Dirty 
% silicones) Los Angeles, Calif 
Glim’ B. T. Babbitt Dirty Heavy Dirty Heavy Dirty 
New York, New York 
Sulphonated detergent plus Clean Slight Dirty Heavy Dirty 
giveerine and water 


*Rating according to visible carbon black, dust and lint 
**Rating according to visible lint (wool) 
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TABLE Il 
Description of De Staticizer Supplier 


(olgate 


sod with water 


Plastic (Styrene) Side Panels Field Tested in an Office. 


Mixture 
Clean 
2 thl spoon ‘gal. water Clean 
Clean 


Clean 


Merian” anti stats ompound #79 Merix Chemical Co As supplied Clean 
Chicago 11, Clean 

Clean 

An«te P blot Chem. Dev. Corp As supplied Clean 
Danvers, Mase inflammable Clean 

Clean 

of Rexbary Chem Works As supplied Clean 
Centerdale 11. RI Clean 


Wileo Company 


Cleaner 


duPont 
Tetra Sodium Pyrophosphate (iresselli Division 
Johanson Company 
Racine. Wisconsin 


os Angeles. Calif 


Clean 
Clean 
Clean 


As supplied 


Clean 

4 thl spoon gal. water Dirty 
Dirty 

Clean 

As supplied Clean 


Clean 


Clean 
Pla snele with standard solution As supplied Clean 
" plied by Manufacturer A Clean 
Dirty 
snele with standard solution Dirty 
by Manufactorer Dirty 
Macs Sap ¢ Clean 
Ma ed glare ar polish with 4% silicones Low Angeles, Calif Clean 
Clean 

B. T. Babbitt Clean 
Gliim New York, New York 1% solution Clean 


*Rating according to visible dirt collection 


serted in the luminaire and the mentioned cycle 
run, This piece definitely came out “dirty.” See 
the first item in Table I, identified as “None.” 

In order to measure some degree of permanence, 
rubbed ten 
This 


prov iding an 


the same piece of styrene was briskly 
strokes on each side with a clean dry rag 
treatment charged the plastic while 
in-the-field 


would be provided by wiping the side panels with a 


accelerated maintenance test such as 


dry rag. Results are shown in the two columns 
under “Dry Rag Wipe.” The score was “Dirty.” 
To intensify the permanence test further, a clean 
wet rag was rubbed ten times over each side of the 
This was repeated with a clean dry rag 
and the test eyele again repeated. Results are 
shown under “Wet & Dry Rag Wipe.” This test 


was aimed at duplicating water washing of panels 


panel 


in the field and is construed to indicate the de- 


staticizer’s resistance to water 
Field Trials 


In order to prove the results of the test-box ob 
servations the same de-staticizers were used on simi- 
lar styrene panels and luminaires in a large fae- 
torv-office building. After four weeks exposure in 
a dust laden interior (renovation of the office in 
terior was proceeding) two observers judged the 
side panels. Results are shown in Table IT under 


score 


Clean 


Conclusions 
Field trials show that untreated or improperly 
de-staticized styrene side panels attract so much 
dirt as to make the plastic impractical. Improper- 
ly applied de-staticizers can provide as impractical 
a styrene panels as styrene without a de-staticizer 
due to the unevenness of the attracted dirt. 
De-staticizers vary considerably in effectiveness 
and permanence of film. An indication of this 
degree is illustrated in Tables I and IT 


Dust Box and Field Trial Tests of De-Staticizers 


Watch for the March Issue 


The March issue of ILtuminatine 
NEERING will have the latest and most com- 
plete listing of I.E.S. Committee personnel. 
Many additions have been made since the 
December 1951 listing and many new com- 
mittees have been formed. These changes 


and complete personnel will be found 


under the heading ‘‘Committees’’ in the 


March issue of IE. 
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A Study of The Conspicuity of 
Orange Surface Colors 


PAINT variously known as International 

Orange* and Aviation Orange** has been 

widely used for marking obstructions at air- 
ports, and for other purposes. This is an orange 
chrome having the approximate co-ordinates 


x = 0.610, y = 0.362, Y = 0.14. 


It occurred to the writer that this color might not 
in fact be the most conspicuous orange color when 
seen against practical backgrounds. Because of the 
influence of the atmosphere,’ full scale tests are 


necessary to determine this point. 


Experimental Arrangements 

It happens that the writer’s laboratory com- 
mands an extensive view over a terrain that pro- 
vides a number of varieties of background. In 
particular, there is a large hydroelectric plant at a 
distance of about six and one-quarter miles, with a 
dam which faces the laboratory, and is surmounted 
by six steel frames at intervals of about 60 feet. 
With the permission of the Gatineau Power Com- 
pany, six panels, each 8 feet square, were attached 
to these frames in July 1950, and painted with the 
six orange and yellow colors described below. As 
shown in Fig. 1, taken from the roof of the labora- 
tory, the panels appeared against a background of 
vegetation, which is actually about a mile beyond 
the dam. The panels faced nearly due south and 
thus were illuminated by the sun for all observa- 
tions when it was not obscured by clouds. 

Observations were made three times a day, usu- 
ally by four observers, all with normal color vision, 
on all oceasions when the dam was visible. The 
observers looked first with the naked eye, then 
through 7X56 binoculars. They were asked to indi- 
eate the order of conspicuity of the six panels as a 
chromatic signal both with and without the visual 
aid, and to make any remarks that occurred to 
them about the appearance of the colors. One of 
the observers was delegated to estimate the visual 
*Federal Specification TT-P.59, 2 February 1945: more recently 
TT-C.595. 12 January 1950. This is a gloss color 1205 in the latter 
specification 
**International Civil Aviation Organization document AGA Sub 
2-WP/2. 15 November 1949. “Specifications for aviation colours 
and aviation surface colours.” 


Author: Optics Section, Division of Physics. National Research 
Council of Canada, Ottawa, Ont 
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range on each occasion, and to record the general 
state of the weather. 

Although none of the observers was aware of the 
identity of the different colors, it was thought well 
to interchange the panels on September 5, 1950. 
Observations were continued until the end of 
November, when it was decided to look for another 
site which would provide a uniform snow back- 
ground. A suitable hillside was found, 444 miles 
to the north of the laboratory. The panels were 
reduced to 6 feet square and erected in two rows, 
eare being taken to have their faces vertical and 
parallel. Fig. 2, taken from a nearby point, shows 
the arrangement; but it should be remarked that, 
as seen from the laboratory, all the panels were 
well below the horizon. The somewhat irregular 
arrangement was adopted for the purpose of avoid- 
ing a gully which descends the hill diagonally. 

At 614 miles, the 8-foot square panels subtended 
an angle of 0.85 minutes of arc, or 6.0 minutes as 
seen through the seven-power binoculars. The 6- 
foot square panels used at 444 miles subtended 
0.91 minutes and 6.4 minutes respectively. 

On January 19, 1951, some changes were made in 
the arrangement of the colors, and observations 
continued against a snow background until early 
in March. 

Later in the spring observations were resumed 
for a short time, the background being light brown 
withered grass and herbage at first, and finally (in 


May and June) fresh green grass. 


The Colors 


In addition to commercial aviation orange, five 
other glossy paints were employed in this investi- 
gation, four being specially mixed by the Protee- 
tive Coatings Section of the Division of Applied 
Chemistry. Five of these six colors formed a series 
ranging from bright yellow to a deep reddish 
orange ; the sixth was designed to be similar in hue 
to aviation orange but of lower saturation, to corre- 
spond to a weathered surface of that paint. The 
chromaticity co-ordinates, luminous reflectance, 
and Munsell re-notation of these six colors are 
shown in Table I. It may be well to draw attention 
to the fact that the first five colors form a series of 
decreasing reflectance. 


Middleton 
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During the course of the winter the paints 
deteriorated somewhat, and late in April 1951 they 
were all re-painted. Colors 1 and 2 seemed to be 


most greatly affected, having darkened a good deal. 


Results 


The results are shown in Tables II to V. In these 
tables, each line represents a color, and the numbers 
in each column the corresponding number of times 
that it 


third, ete, in conspicuity, or not visible at all 


was adjudged most conspicuous, second, 


Sinee there were many occasions on which two or 
more colors appeared equally conspicuous and were 
rated in their common position, the columns will 
not all add to the total number (N) of observations 
The column headed * 


lows: The number of times a given color was the 


‘score’’ was arrived at as fol 


most conspicuous was multiplied by 6, the number 
of times it was second in order by 5, and so on, and 
the products added 

The observations fall into three groups, accord 


ing to whether the background is forest, snow or 


grass 


Each group has been further divided into 


TABLE I. Description of the Six Colors Used. 


Chromaticity 
Reflectance Co-ordinates Munsell 
No. Composition Y . Notation 


Mediam Chrome 
Vellow 

viation Orange 
& Med Chrome 
Yellow 

Aviation Orange 

Aviation (range 
& Toluidine Red 

Aviation Orange 
& Toluidine Red 

Aviation Orange 
& Light Chrome 
Vellow 2 1vR 


A 


ao 124 


The Conspicuity of Orange Surface Colors 


Figure 1. The six 8-foot-square panels, 

mounted on steel frames, as seen from 

the roof of the laboratory 6%, miles 

distant. The panels are facing nearly 

due south to obtain a maximum of sun- 
light for the observations. 


two sub-groups, according to whether the sun was 
shining on the face of the panels or not. In the 
ease of the forest background, a certain number of 
observations were made without field glasses (Table 
Il); these have been separated from those using 
the 7x56 binoculars (Table IIL). Against the other 
backgrounds the panels were infrequently visible to 
the naked eye, and almost never as chromatic 
signals 


Discussion 


A cursory inspection of the tables reveals that no 
one color is most conspicuous against all back- 
grounds. This is indeed to be expected because of 
the wide range of reflectance found in the back- 
grounds, from less than 0.1 (forest) to about 0.8 
(snow). What does not emerge from the tables is 
that color No. 1, a bright yellow, while most con- 
spicuous against all the darker backgrounds, can- 
not be considered a satisfactory chromatic signal at 
all. When seen from a distance this color frequent- 
ly resembles that of a patch of sand or light soil, 
and indeed the sandy slopes visible between the 
dam and the powerhouse in Fig. 1 often proved 
to be a close match for it. In the following diseus- 
sion, therefore, we shall confine our attention to 
colors 2 to 6 

Against the forest background (Tables II and 
II1) the order of conspicuity of colors 2 to 5 is the 
order of their reflectances. This is in accord with 
the common observation that small differences of 
lightness are more noticeable than small differences 
in chromaticity. But the surprisingly low scores of 
No. 6 merit further discussion. This was the color 
designed to simulate weathered or slightly soiled 
aviation orange; and in spite of the fact that its 
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TABLE I1.—Forest Background. No Visual Aid 


A. Sun shining on panels. MW = 153 


TABLE III.—-Forest Background. 756 Binoculars. 


A. Sun shining on panels. NW = 280 
Mot 


reflectance lay between that of Nos. 3 and 4 its 
performance is very much worse, especially in sun- 
shine and without visual aids. The observations 
with the naked eye are of course in the region of 
small subtense investigated by Middleton and 
Holmes,’ and it is probable that the relatively small 


Figure 2. The panels seen with a snow 

background (photo taken from a near- 

by point). As seen from the laboratory, 

4% miles distant, all the panels were 
well below the horizon. 
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TABLE IV.—Snow Background. 756 Binoculars. 


A. Sun shiniag on panels. = 78 
Order of Conspicuity Mot 
3 4 5 


it 
i 
40 


Sun not shining on panels. W = 95 


Order of Con.picuity Not 
2 3 4 5 Visible Score 
215 


305 
Sal 
Sit 
363 
210 


TABLE V.—Grass Background. 756 Binoculars. 


A. Sun shining on panels. W = 89 
Not 
2 3 


31 
29 


B. Sun not shining on panels. MW = 197 
Not 
6 Visible 


difference in saturation leads to a large difference 
in apparent chromaticity under these conditions, 
although data are lacking for these particular 


colors. 
Against the snow background (Table IV) it is 


evident that aviation orange is superior to all the 


Middleton 
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ris 
Color 1 2 3 4 5 6 Visible Score Color i Score 
i 152 -- 912 1 | 2 381 232 
2s 2 121 123 61 ? 1 442 
‘4 17 é 123 120 4 5 22 - 255 
5 2 150 4 5 2 8 20 26 ‘4 271 ris 
B. Sun not shining on panels. W = 143 ee ne 
Order of Conspicuity Mot 
Color 1 2 3 4 5 6 Visible Score Color i ie 
i 142 1 s52 i 7 
2 1 79 - 63 401 2 5 45 20 18 ; ‘4 > 

3 1 26 116 79 78 1 
5 1 1 141 30 23 12 - ‘4 
6 142 5 ‘4 6 10 24 

- 4 
Color Visible Score Color 1 Score 
d 1 271 2 1 1 4 1 — 1652 i 60 7 7 5 ” i “a7 : 
2 8 256 7 1 - 1383 2 2 6 20 ‘4 313 
3 10 236 32 3 1 1115 22 30 a7 5 4 1 414 
4 4 13 381 131 96 7 #01 ‘ 1 - 334 
> 10 5 18 132 107 775 5 4 12 2 17 225 
6 3 9 12 Si 205 . 394 6 . 1 2 3 54 
a B. Sun not shining on panels. NW = 435 
Order of Conspicuity Not 
Color a2 © Visible Score Color Score 
1 6 ‘ 3 2 1 2574 1 162 0 12 2 1 1 1098 
3 9 405 812 1 2138 2 2 69 29 30 2 30 625 
30 «3468 2 15 1692 a1 56S 7 4 755 
‘ 3 21 53 2325 94 13 26 1211 ‘ a4 577 
4 13) 26 141 149 68 32 990 1 6 17 © 37 39 369 
Bi 6 — 13 115 36 134 208 29 709 6 1 1 5 12 42 96 42 245 Be 
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other colors studied. It seems certain that other 
factors than reflectance entered into this judgment, 
as should be the case if the instructions to the ob- 
servers were being followed. Again No. 6 makes a 
poor showing 

The slight superiority of No. 3 was maintained 
against the grass background (Table V), though 
the differences between 2, 3, and 4 are not great 

Throughout the tables it is evident that the dif- 
ferences between colors are much more pronounced 
when the sun is shining. The vertical panels will 
of course be relatively more strongly illuminated 
than the inclined backgrounds under these circum 
stances 


Recommendations 
From the above results it may fairly be con- 
cluded that the present aviation orange (No. 3) is 


the most those chosen 


conspicuous color among 
when the whole range of natural backgrounds is 
taken into account, although a somewhat yellower 
color is certainly 


and lighter more conspicuous 


against a dark forest. This property of aviation 
orange was predicted on theoretical grounds in 
reference 1. An aireraft operating regularly over 
uninhabited country may well have the upper sur 
faces of its wings painted in aviation orange in 
order to maximize the chances of finding it if it 
should be foreed to land 

It is also likely that aviation orange, consisting 
as it does of a simple chrome pigment, will be the 
best that can be produced from common materials 
Obviously another color of the same hue and equal 
or greater reflectance and/or chroma might be as 
goxl or better, but the question of stability is of 
eourse very important 

The second conclusion which may be drawn from 
these data is that it is essential to keep this color 
clean and fresh, or in other words to maintain a 


Color No b 


results throughout, could easily 


high chroma which gave such poor 
pass for a mod. 
erately weathered specimen of aviation orange 
The present paper may be considered to document 
the necessity for maintaining these orange paints 
in very good condition 

Although the subject is not directly connected 
with this paper, it may nevertheless not be super 
fluous to point out some very good reasons for 
avoiding the use of vellow as a color for aircraft, 
life rafts, and other objects which have to be seen 
from a great distance 

In a 


blocks painted in various colors were hung on a 


subsidiary investigation, small cubical 
fine wire at such distances that they subtended one 
minute or alternatively two minutes of are, and 


were presented one at a time to four observers 


as The Conspreuity of Orange Surface Colors—Middleton 


against backgrounds of grass, water, and pave- 
ment. The observers were required to name the 
eolor of each block, 
white, red, orange, yellow, green, blue, and purple. 
The results of these experiments showed a com- 
plete, though of course qualitative agreement with 
the laboratory data described in reference 2. For 


using only the terms black, 


our present purpose we shall only record that a 
vellow approximating Munsell 5Y 8.5/14 was fre- 
quently named white at a subtense of one minute 
of are, while a bright orange was always named 
correctly 

These experiments were carried out at distances 
too short for the atmosphere to have an appreciable 
effect on the colors. As shown in reference 1, yel- 
lows will appear greenish at moderate distances in 
clear air, rendering it still more likely that they 
will be confused with white. Orange, on the other 
hand, shows relatively little change of hue with 
distance 

For both visual and atmospheric reasons, there- 
fore, vellow is a poor choice for such applications. 

The writer is glad to record the co-operation of 
the Gatineau Power Company and of Mr. Kenneth 
Kerr of West Templeton, Quebec, in permitting the 
erection of the panels on their properties; and also 
to thank Mr. J. Harris of the Division of Applied 
Chemistry for his care in mixing several of the 
paints used 


'W. EF. K. Middleton, J. Opt. Soc. Am., 40, 373 (1950). 
*W.E. K. Middleton and Marian C. Holmes, J. Opt. Soc. Am., 39 
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New Home Lighting Data Packet 
Now Available 


A new packet of ten latest Home Lighting Data 
Sheets has just been approved by the sub-committee 
and is now available. Referred to as Home Lighting 
Packet #2, the group includes Data Sheets 22-20 
through 22-29, all the new sheets prepared since the 
first packet in February 1950. They include lighting 
installations for a Glass Block Window, a Window 
Wall and Terrace, a Den, a Dining-Room, an Apart 
ment Bedroom, a Hallway, an Apartment Living 


Room; also, Decorative Lighting Effects, Mirror 
Lighting Applications, Soffit Lighting a Kitchen. 
Many utility home lighting departments have or- 
dered the first packet and will find Packet #2 equally 
helpful in furnishing new ideas and practical lighting 
Home Lighting Packet #2 is available 
at 50¢ from Publications Office, Illuminating Engi 
neering Society, 1860 Broadway, New York 23, N. Y. 
A limited number of the first packet (23 sheets) can 


information 


also be obtained at $1.25 each; or $1.00 on orders of 


25 or more sets. 
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Relation of Distance to Candlepower 
Distribution From Fluorescent Luminaires 


HE VALIDITY of the inverse square law is 

only realized when the source is relatively a 

point. In the early days of the Illuminating 
Engineering Society, Dr. Louis Bell established the 
five times ratio. At that time, this five times ratio 
referred to a round symmetrical source where the 
minimum photometric distance was at least five 
times the diameter of the source. This, of course, 
included whatever accessory surrounded the lamp. 
Then the light sources were principally flames, gas 
mantles, ares and carbon filaments. A few line 
sources, such as the Cooper-Hewitt' lamps, were 
available. Later work done by Dr. Rosa of the Bu- 
reau of Standards* indicated the relation between 
photometric distances and various types of sources 
for accurate light measurements. More recently 
Dr. Middleton, in connection with the author’s pa- 
per at the Quehec Conference, pointed out the dif- 
ference in photometric effect of the two ends*of the 
tubular fluorescent lamp when viewed at an angle 
off normal to the lamp axis. 

With the introduction of the fluorescent lamps, 
attention has age'n been focused upon the relation 
of candlepower to light source dimension and pho- 
tometric distance. The laboratories measuring 
these luminaires have used distances anywhere 
from 214 to 5 times the length. In some cases even 
shorter distances have been used. 

Experiments made and reported at the Quebec 
Conference® showed deviations from the inverse 
square law for line sources where the distance- 
source length dimensions varied from 1-1 to 10-1 
(Fig. 1). 

All measurements were made using a barrier 
layer cell in connection with a “zero resistance” 
potentiometer indicator. In each case this was ad- 
justed to read 1000.0 at nadir. Observations were 
made to the nearest 5 parts in 10000. This assem- 
bly had been checked for linearity of response 
over the range used. 

To study the deviations which might occur, a 48- 
inch T12 fluorescent lamp was operated from a 
voltage regulated a-c line and measurements made 
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as the lamp was revolved about a vertical axis, 
first with the lamp vertical and its axis correspond- 
ing to the axis of rotation, second with the lamp 
horizontal and its center at the axis of rotation, 
and finally, with the lamp at 45° to the vertical. 
In other words, distributions were made according 
to the three-plane method usually applied to fix- 
tures. The distribution around the lamp when in 
the vertical position is, of course, a circular pattern 
of a value corresponding to that at nadir in the 
other two planes. Photometric distances were se- 
lected corresponding to approximately 1, 2, 3, 4, 5 
and 6 times the maximum dimension or 4, 8, 12, 16, 
20 and 25 feet. 

The data and computations resulting from these 
readings are shown in Tables I, II and III. The 
data in the tables are taken from a single series of 
measurements. 

A second series of data was taken to verify the 
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RATIO- PHOTOCELL DISTANCE TO LAMP LENGTH 
1. Effect of photocell distance on candlepower 
measurements of fluorescent lamps. 
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TABLE I.-40.Watt Lamp Alone. 


Candlepower Distributions in Plane Through Axis of Lamp. 


ateft atiorte atiatt atieft 
Lamen 
Angies Factors Cp Lumens Cp Lumens Cp Lumens Cp Lumens Cp Lumens Cp Lumens 
90 1000 1000 1004 1000 1000 1000 
1091 ” 1089 1087 10866 1087 996 1087 995 1086 
1058 1oal we 1017.48 “1 1017 960 1016 958 1014 
‘ ow “oo aut aes aaa ava aa2 
au “02 Tie 7095 703 777 697 772 692 
§ 650 504 640 495 635 491 
anu 307 479 301 ava 298 
tia 145 307 302 
las 2 145 4) 146 


* Interpolated 


results; both series are plotted on semi log paper 


Fig. 2) to indicate the consistency of observations. 
Here the photometer indications at each angle of 
observation are plotted for each of the five photo 
Data from one series are 


metre distances used 


plotted as crosses; from the second, as points 
Those angles showing the superscript “P” (paral 
lel) correspond to tests with the lamp horizontal ; 
superseript “D" (diagonal), with 


those using the 


the lamp 45° to the vertical 

An examination of the results shown in Tables 
I and IIL shows that the same ratio of lumens to 
candlepower is obtained at a given photometric 
distance whether the axis for distribution be taken 
through the lamp axis using data obtained in the 
“parallel plane” only or taken from an axis per- 
pendicular to the lamp using the weighted average 


This 


latter method, as usually applied to the photometry 


of the three planes, parallel, 45° and normal 
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26 
0 


of fluorescent fixtures, gives the 45° plane double 
weight in the averaging. The fact that the lumen- 
candlepower ratios are in such close agreement be- 
tween these two procedures would appear to justify 
It should 


be noted also that this agreement is obtained for 


the three-plane method of computation. 


the condition where differences between the three 
planes probably is greatest. Fig. 3 shows how this 
ratio is affected by the photometric distance 

The results of photometric tests of fluorescent 
lighting fixtures usually are expressed in terms of 
the average published light output of the lamps 
That is to say, the lamp lumens become the 
To accom- 
plish this end the photometer is “standardized” 
through a measurement made at nadir of the lamp 
or lamps alone without benefit of fixture parts. 
Then a second measurement made at nadir with the 
full fixture in position serves to evaluate the 


used 
reference point for all computations. 


Figure 2. Candlepower distribution 
data plotted for five photometric dis- 
tances. 
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Figure 3. Lumen-candlepower ratio. 


candlepower at nadir for the complete fixture as- 
sembly. All distribution curves then are equated 
at this point 

The data here presented for the lamp alone show 
that the apparent candlepower at nadir is a funce- 
tion of the distance of the measuring instrument 
from the lamp. The ratio of lamp lumens to appar- 
ent candlepower at nadir being 9.25 at 25 feet from 
40-watt T-12 lamp, 9.37 at 12 feet, 9.52 at 8 feet 
and 10.49 at 4 feet (Fig. 3). In other words, for 
a given value of ‘amp lumens the apparent candle- 


Parallel 45 Wormal 1:3:1 


Ave 
1:2: 


power at nadir becomes progressively less as the 
distance from the lamp is reduced 

When measuring a multi-lamp fixture the effect 
of the inter-reflections between lamps must also be 
taken into account in the calibration. This may be 
done either by placing low reflectance screens be- 
tween the lamps or by making a correction based 
on a study of these interreflection effects. A study 
was made of the increase in candlepower resulting 
from interreflection between lamps. This study 
included 2, 3, 4 and 6 lamps mounted side by side 
with varying spacing dimensions, and for different 
lamp sizes. Fig. 4 shows the per cent candlepower 
increase due to interreflection for T12 lamps. 
Where measurements of lamps alone are made 
without benefit of nonreflecting shields between 
the lamps this correction must be applied to the 
apparent candlepower determination at nadir. A 
glance at the curves of Fig. 4 will show that this 
correction may amount to 10 per cent or more. 

Examination of the data presented in Tables I 
and III will indicate that when equated to the 
same lumen output, not only will the candlepower 
at nadir be lower at the shorter photometric dis- 
tances, but that the shape of the distribution 
curves in the various planes and of the average 
curve will be different at the various distances. 
As an example of these effects the differences as 
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Candlepower Distribution in Three Planes. 
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TABLE IIl.-40-Watt Lamp Alone. 
Average Distribution by Three-Plane Method. 


At2of 


ater ater atiore aAtiatt atieft 
Lames ° - 
Angles Factors Cp Lumens Cp Lamens 12: Lumens Cp Lumens Cp Lumens Cp Lumens 
(i) 1000 1000 1000 1000 1000 
0 095 990 5 9940 0 95 998.0 95 996.8 95 
0283 281 gas 0 378 982 277.9 9613 278 9410 27 970.0 377 
2 0.463 ono 8 952.5 441 vay oa75 9465 438 944.0 407 
a6 0.028 967.0 601 9070 570 900 5652 #040 563 560 8290 558 
0.774 932.5 Tila 656 439 a330 645 829.0 642 8248 638 
avie 777.5 697 768 7608 682 756.3 467 753.0 675 
5 aio” #05 704.48 701 695 6900 643.5 679 642.0 677 
75 1054 733.8 “76 e088 676 629 6655 623.5 660 620.3 656 618.0 654 
1081 $73.5 735 645 545 6342 579.8 633 5775 630 575.8 628 
0 662.5 585.5 571.0 5690 567.0 
Total 5245 4762 709.3 4678 4656 4639 
x2 10490 oars 9356 9312 9278 
Ratio 1/Cp 10.490 9524 9418 9.356 9.312 9.278 


nterpolated 


indicated in Table ILL for the varying photometric 
distances were applied to the results of tests of an 
open-end RLM unit and a deep troffer. The re 
sulting distribution data are shown in Tables IV 
and \ 

These tables indicate that apparent efficiencies 
will vary with photometric distance depending on 
the shape of the distribution. A narrow beam unit 
such as the troffer for which data are given in 
Table V will show a decreased output and hence a 


lower efficiency when photometered at short dis- 


LAMPS 


| 


Figure 4. Correction curves for inter-refiection errors for 
spacing and number of lamps. 
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tances. On the other hand, the RLM type of unit 
shows a small increase in output and efficiencies 
under these same conditions: Table IV. A fixture 
with a broader beam pattern would show further 
increase in output and efficiency at these shorter 
distances 

In both cases cited it will be noted that the ap- 
parent candlepower at nadir and the apparent flux 
in the zones up to 40° are markedly decreased at 
short Where a candlepower ratio at 
some particular angle is specified this ratio may 


distances. 


likewise be appreciably affected by the photometric 
distance used (see Table IV, Cp. ratio 

The data indicate that, correcting for the 
lumen-candlepower ratio, correct luminaire effi- 


55°). 


ciencies can be secured at distances down to about 
2 = lamp length, and each series of candlepower 
distribution data is correct for that distance. On 
the other hand, the candlepower distributions for 


TABLE IV.—Comparison of Computed Photometric Data 
For a Typical Open-End RLM Unit. 


ate tft Atasft 


“ave ave 
Cp Lumens 


Total lumens 


Lamp lumens 6600 
F ficiency 80.1 793 79.0 
Lumens 0.30 1245 1343 1872 
040 2121 2255 2289 
060 4071 4163 4169 
Cp Ratio 55° 0.640 0.592 
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4 3 ue 
| 95 3 3 3 
y 90 10 — 11 11 -- ‘* 
= 85 71 73 59 64 60 65 
75 359 80 306 ‘24 300 317 
2 65 754 749 682 678 670 665 5 
w 1081 970 1017 912 1000 897 
4 45 1268 a1 1273 996 983 
35 1396 876 1453 912 1460 917 
25 1467 680 726 1800 741 
A 15 1491 422 1825 460 1660 470 ae 
5 1500 142.5 1650 157 1690 161 
0 1496 — 1648 1690 
5282 5232 5219 
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TABLE V.—Comparison of Computed Photometric Data 
For a Narrow-Beam Troffer. 


ater 


ave ave 
Lumens 


5.5 
27.5 
60.6 
103.2 
237.4 
169.5 
230.6 
166.4 

60.6 


Total lumens 1061 
Lamp lumens 2300 
Efficiency 46.2 
Lamens 0-40 695 
060 698 


infinity distance are desirable when computations 
are to be made, utilization coefficients established 
or design characteristics verified. Mr. Kurt 
Franck* in his paper brings out the theoretically 
desirable practice of considering a long unit as 
made up of a series of short units each of which 
is sufficiently small to approach and act as a point 
source. Unfortunately Mr. Franck’s suggested 
method involves measurement difficulties even 
beyond those cited above. 

It is recommended, therefore, that regardless 
of the photometric distance used, the distribution 
data on the basis of at least 5 times the maximum 
dimension should be used. 

Where space limitations preclude the use of a 
reasonable photometric distance (five to one), 
data may be obtained provided full compensation 
is made for deviation from true candlepower dis- 
tributions. 

The studies show that line sources and fluores- 
cent units can be tested and results simulating 
infinity distance can be secured for short photo- 
metric distances provided the individual obser- 
vations in each plane are corrected through the 
use of factors obtainable from the data shown in 
this paper. These corrections carry back even to 
the observations of the lamp alone. 
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DISCUSSION 


Kurt Fraxncx*: The problem of photometrically obtaining 
true values of the main characteristics of a luminaire, such 
as true candlepower, true efficiency or output, ete., has be- 
come acute ever since fluorescent luminaires of considerable 
length were introduced. Several solutions have previously 
been suggested and the one contained in this paper adds to 
the stock of knowledge on the subject and is indeed wel- 
come. 

It seems to me that some of the statements in the paper 
are not expressed to best advantage. Sentences like “effi- 
ciencies will vary with photometric distance” or “candle- 
power at nadir and the flux in the zones up to 40 degrees 
are markedly decreased at short distances” might be mis- 
leading. A given luminaire has only one value of candle 
power in any given direction and only one value of efficiency 
or output; these values are independent of the photometric 
Miss Horn and Messrs. Little and Salter 
know this, of course, but sentences like the ones quoted 


test distance. 


and several others in similar vein might have been worded 
more precisely. 

This is just a detail. All in all, the authors have made a 
very worthwhile contribution to the problem of photometry 
of luminaires using extended light sources. 


R. D. : 
Little, Salter and Miss Horn, I find that it is very construe- 
tive and will contain a lot of information that will be usable 


In studying the above paper by Messrs. 


to laboratories testing equipment. 

The authors have again established that in order to ap- 
proximate point source illumination from linear sources, at 
least five times the source length should be used as a photo- 
metric distance. Unfortunately with some of our longer 
light sources this is not always practical from physical 
limitations, and the authors have disclosed a method by 
which shorter distances may be used with certain correction 
factors. 

Most laboratories are troubled by the 8-foot light sources 
in that it is quite often difficult, if not impossible, to get at 
least a 40-foot photometric test distance. I would like to 
have the authors comment as to whether or not the relation 
ships established for the 4-foot lamp would hold in the 
same ratio for the & foot lamp. 

In studying this paper, I believe that Figure 3, “The 
Lumen Candlepower Ratio” diagram, should have a corree 
I believe that this 
present heading, namely, “Distance—Feet” should have an 
explanatory note in that, undoubtedly the distance in feet 
should be multiplied by the source length in feet. 


tion in the horizontal axis heading 


Ray P. Teevet: The corrections worked out for the effect 
of photometric distance on candlepower and on lumen- 
eandlepower ratio should prove very useful to laboratories 
which must use photometric distances shorter than 25 feet. 
The curves for evaluating the inter reflection between lamps 
for various spacings of the lamps should save considerable 
time and trouble in testing multilamp luminaires. 

The abscissa seale of Figure 3 is incorrectly marked. It 
should be Ratio—Photocell Distance to Lamp Length and 
not Distance—Feet. In the paragraph under Figure 3 the 
ratios given are for lamp lumens to apparent candlepower 
and not for the reciprocal ratio as stated in the text. 

The values given for “Avg Cp” at 4 feet in Table IV 


*Holophane Co., Newark, Ohio. 
**Day- Brite Lighting, Inc., St. Louis, Mo. 
tNational Bureau of Standards, Washi bd. Cc 
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Angle Lumens Cp Lumens 
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{ 65 61 53 52.6 50.5 50 Toye 
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given in the last line of the table lamps. It is our opinion that so long as the dimensions are 


tionships of photometric distances between 4 


scem to be wrong. They will not yield the 0.640 “Cp Ratio 


kept relatively the same, the data in the paper are perti 


‘ nent. Therefore the tables and graphs should represent ver 

Canouns E. Hoax, W. F. Lirnas, E. H. The gral 
closely the performance with respect to ratio of length to 

suthors wish to thank Mr. Franck for his comments point 

photometric distance 

ing out the looseness of expression in several paragraphs of 

The authors also wish to express their appreciation of the 

the paper. Corrections have been made in line with his com : 

comments made by Mr. Teele 

ments 


Mr 


tradieyv asks the authors’ opinions regarding the rela 


Combination Lighting in Automobile Showroom 


Three types of lighting are used in the 


passenger car showroom of Hopping 
Phillips Motors, Ine., Newark, N. J. 
Around the perimeter, recessed “eyeball” 
units are mounted on 16 foot centers, 
la4ty feet above the floor. These units 
contain PAR 3S lamps and can be ad 
justed in any direction up to 36 degrees 
from the vertical. In the center of the 
room a dropped ceiling area covers 950 
square feet and is illuminated by 33 re 
cessed incandescent downlights. Concen 
trie multiple baffles trap spill light from 
the PAR 3S flood lamps. The ceiling is 
suspended two feet below the 16-foot 
main ceiling 

Between the perimeter lights and the 
drepped ceiling, a continuous surface 
mounted fluorescent horseshoe provides 
general illumination. These specially 
designed units contain five lamps each. 
In all, 144 lamps illuminate 2000 square 


feet. Each row is separately circuited. 
Interior view of showroom illustrates three types of general lighting and 


Duplex outlets in bases of columns 
teardrop canopy. 


provide for additional floor based equip 
ment when required. Teardrop entrance 
canopy, which extends indoors, has 100 
watt lamps. 

Illumination levels around the perime 
ter are 25 footeandles at hood height, 
3% feet above the floor. In the central 
area at hood height, intensities average 
at 38.40 footeandles. General illumina 
tion in the intermediate area, is between 
25.7 and 43 footeandles. 

The rear wall of the showroom is rusti 
eated buff brick. Flooring is neutral 
gray blue. The central canopy is dark 
brown and the rest of the ceiling is soft 
yellow to add warmth to the cool tone of 
the fluorescent lamps. 

Architect and Lighting Designer: H. 
©. Litwack; Eleetrieal Contractor for 
Lighting: A. L. Davis; Electrieal Con 
Exterior view gives another angle on the center canopy, horseshoe band, tractor for Power: Paul H. Jaehnig, all 
primeter lights and teardrop canopy. of Newark, N. J. 
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A.LA. File No. 31/ 


Lighting a File Room 


LIGHTING OBJECTIVE: To provide adequate illumination in record file stacks. 


Figure 1. Lower Deck. Figure 2. Upper Deck. 


Installation at Pennsylvania Company for Banking and Trusts 
307 Chestnut Street, Philadelphia, Pennsylvania. 


General Information: The lower deck, shown in Figure 1, is used continuously while material stored 
in the upper deck, Figure 2, is referred to only occasionally. The file cabinets are forest green 
(22% RF); the floor is covered in a light linoleum (46° RF); and the ceiling of the upper deck is 
gray (20% RF). Aisle width is 3 feet 6 inches; stack height is 9 feet. 

Installation: The lower deck is illuminated by two rows (one along each side of the aisle) of 40-watt 
48-inch single-lamp preheat-start fluorescent lighting units. Centered above the upper deck aisle is a 
single row of 75-watt 96-inch single-lamp instant-start units. All lamps are T-12's, warm white in color, 
and are mounted 9 feet 6 inches above the flooring. 


Illumination and brightnesses measure as follows: 
Horizontal Footcandles 
Lower Deck Upper Deck 
Cabinets: at floor 32 17 
4 feet up 5l 25 
9 feet up 105 46 
Floor 33 17 
Ceiling 
Luminaire, lengthwise at 30 degrees from the horizontal 
(reflector, with lamp shielded from view) 1400 


All lighting equipment was custom-built by the Keystone Electric Manufacturing Co., 2228 E. 
Tioga Street, Philadelphia, Pennsylvania. 


Lighting data submitted by George T. Anderson, Jr. of the Philadelphia Electric Company 
as an illustration of good lighting practice and to aid in the design of similar installations 


Published by the C 4 on Publicati of the Illuminating Bngineering Society 
1860 Broadway, New York 23, Y. 
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Circuiting for Uniformity of Design 


Wiring Pattern Allows Economical Use of Lighting System 


EHIND the lighting design of our new office 
and plant, erected this past year at Hillside, 
N. J 


ated’ by the casual viewer 


there is a pattern not readily appre- 
The lighting itself is 
to modern standards comfortable, of a level of 
15 to OO footeandles in the offices, and of the order 
of 30 ft-e in the plant, with relatively good bright 
ness ratios and high reflectance surfaces 

The cireuiting, however, is of particular interest, 
we feel In the shop, the lighting is laid out in an 
ven pattern of 100 square feet per two-light, 40- 
vatt, industrial fluoreseent unit, each luminaire 
being spaced on an even 10° x 10° spacing, sus- 
pended 96° from finished floor to the bottom of 
the reflector. Switch control for all of the lighting 
in the plant is limited to six light per cireuit, each 
ireuit being controlled and protected by a circuit 
breaker which is conveniently located in a lighting 
panel Each laminaire has its own switch to allow 
for flexibility in the use of the lighting system 

In the manufacturing areas all outlets for lumi- 
naires are on even 10> x 10° pattern. In warehouse 
and storage areas bare T-outlet boxes are installed 


Hillkide N. J. Data 
and Ges Co, and 


Author Buchanan } rival Products Cors 
from Wa i Service Electr 


By JAMES O. JOHNSON 


and spare T-outlet boxes are blanked for future use. 
To expand the manufacturing area, luminaires 
may simply be installed on these blank outlets. 

The lighting design in the office affords flexibil- 
ity of office partitioning especially important to a 
new plant where expansion and change may be 
anticipated. A general lighting level of 45 foot- 
candles is provided by 55 two-light 40-watt lumi- 
naires, with glass panel sides and louver bottoms, 
ceiling mounted in three continuous rows, spaced 
on 8-foot centers. The area involved is 2720 square 
feet, with a 10-foot ceiling. 

Here again, circuiting has a special pattern. 
Each five luminaires in a continuous run is sepa- 
rately controlled by use of a circuit breaker with 
the control panel centrally located at the main en- 
trance from factory to office. Since only part of 
the space is now occupied, pending expansion, 
unused portions may be left lighted only with day- 
light. Economical use of the system may also be 
made after hours, when one or two eager beavers 
may work into the night without illuminating the 
entire area. Two night lights burn all night in 


both factory and offices, to aid police in their night- 


time rounds. 


limited to six lights per circuit, each luminaire being con- 


In photo at left, an electrician installs wiring for office 
trolled from a conveniently located switch. 


shown at right, Switch control for all the lighting is 
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Color and Light 
in Modern 


Merchandising 


By L. COURT BUTLER 


EVELOPMENTS in recent years in the 
field of illumination and particularly the 


advent of fluorescent lighting, tend to Two views at the B. Altman store in White 


emphasize the manifold problems involved in light- Plains, N. Y., where a “blend of fluorescent 
ing the modern department store. Ordinarily in and incandescent is obtained on the mer- 
planning the average industrial or commercial chandise level. Both the incandescent down- 
lighting installation, if the illumination is of an lights and the recessed fluorescent units are 
adequate level, well diffused, distributed, and designed for maximum spread. With this 
shielded to protect the eyes from glaring sources, overlapping mixture of color quality of the 
the installation is considered to be well engineered, lighting, maximum appeal is provided for the 
in other words, a good lighting job. In lighting the display of ladies dresses, in addition to the 


modern store, however, these have become empirical 
factors — elementary to the following correlated 
considerations : 


required levels of illumination. 


1. Customer reaction 

2. General effect on merchandise. 

3. Suitability of spectral quality for various kinds of 
merchandise. 


Adequacy of intensity for displays. 


5. Proper use of accent lighting. 

6. Proper application of complementary colors in decora 
tions, store fixtures, floor coverings, ete. to neutralize 
adverse effects of spectral deficiencies in the wave 
form of the light source. 

7. The studied application of combinations of fluorescent 
incandescent lighting to balance the spectral quality 
of the lighting where a close approximation of day 
light values is desirable. 


Human beings are more likely to become preju- 
diced in their seeing habits because of peculiarities 
in the wave-form of the lighting with which they 
are required to discern objects in form, outline, 
and color, than they are by inadequacies in the 
lighting. This is true, because we see objects by the 
light reflected from their surfaces, which reflect 
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only rays or wavelengths of light for which they 
have an affinity. In other words, an object reflects 
only the wavelength frequencies of the light im- 
pinging upon it which conform to the wave consis- 
teney of the electrons composing its surface 

The alehemy of color is only the chemistry of 
light, for just as there can be no light without 
olor, even so, there can be no color without light, 
and there can be no true color seen except to the 
degree that it is contained in the wave-form of 
liwht. For example, an object that is red will re 
fleet red rays only and one that is green, green 
rays, ete. Consequently, if light has an excess of 
yreen wavelengths and is deficient in red, the 
chroma of saturation of the green object will ap 
pear accentuated or intensified, and conversely, the 
olor value of the red object will be attenuated or 
distorted, proportionally to the deficiency of this 


ingredient in the light 


Wavelength Distortion 


Such irregularities of color rendition by arti 
ficial lighting are noticeable in the distortion of the 
long wavelength colors such as red and orange 
under fluorescent lighting, which is deficient in 
red, and of the amplification of short wavelength 
colors such as the blues and purples under this 
livht regardless of rated kelvin color temperature 
Conversely, incandescent light, which is strong im 
red, intensifies the long wavelength colors and tends 
to lessen the saturation of short wavelength colors 
This also explains the heightening of the complex 
ion under incandescent lighting and the pallid 
appearance of the complexion under gaseous dis 
charge light such as mereury and sodium and to a 
dewree under fluorescent light. Thus we see that 
the wave-form or spectral quality of light may 
induce either favorable or unfavorable psychologi 
eal reactions and produce either a beneficial or 
detrimental effect upon the appearance of objects 
and consequently on the sales appeal of merchan 
dise lighted 

(me of the heads of the women's ready-to-wear 
department in one of the largest department stores 
in the East stated recently that many of their cus- 
tomers returned merchandise purchased in this de 
partment because the merchandise did not look the 
same after it left the store as it did on the sales 
floor, Yet this department was lighted by so-called 
warm tone fluorescent lamps which are presumed 
to provide a superior color quality of fluorescent 
light. Had this department been lighted with a 
proper combination of  fluorescent-incandescent 
lighting such complaints could have been obviated 

However, modern technique in lighting the de- 
partment store has evolved from the nebulae of 


10s 
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empirical hypotheses into tangible and practical 
solutions to the various problems presented 

The lighting treatment for merchandise may 
vary according to the merchandise. This is particu- 
larly true of wearing apparel. For example, furs, 
such as mink, sable, marten, kolinsky, seal, ermine, 
and silver fox retain their true luster and color 
quality best under “cold light” such as fluorescent 
light because the habitat of such fur bearing ani- 
mals in usually in the cold regions. An admixture 
of fluorescent and incandescent light or warm tone 
fluorescent with incandescent down lights is quite 
effective for general apparel, such as millinery, 
hosiery, street wear, lingerie, ete. On the other 
hand, shoes and evening wear seem to require a 
psychologically warmer atmosphere of illumination 
and look best under incandescent light. Piece 
goods, draperies, and carpets need either incandes- 
cent light or a proper admixture of fluorescent- 
incandescent lighting for best results. If this is not 
acceptable to the merchant, warm tone fluorescent 
light with adequate incandescent down lighting 
should prove effective 

It should be understood that fluorescent light 
contains but a modicum of the irritating infrared 
preponderant in incandescent light. This is why 
we are not as conscious of a given intensity of fluo- 
rescent light as we are of the same footcandle level 
of incandescent light. This also explains the some- 
time lack-luster and vapid appearance of fluores- 
cent light and the need for combination fluorescent- 
incandescent light or at least, supplemental incan- 
descent down lighting to add glow to the appear- 
ance of merchandise 


Color Influences Mood 


The display man is constantly dealing with prob- 
lems correlated to the psychology of color and al- 
though scientific data relating to the influence of 
color upon human behavior is limited, it is indi- 
cated that human sensibility to color is manifested 
in certain reactions, such as the sense of warmth 
produced by light of the adjectively warm red, 
yellow, and amber colors, and the opposite sensa- 
tion of coolness always associated with blue, green, 
and bluish white light. It is further indicated that 
vellow and amber colored light produces a sense 
of stimulation, while green and bluish white light 
has a soothing effect, and that light composed of 
the short wavelength purple and violet rays is de- 
pressing. It may be said that the so-called phycho- 
logical effects of the various colors of light corre- 
spond to the physiological reaction produced by 
these various wavelengths of colors upon the mil- 
lions of nerve cells or receptors of the retina of 
the human eye 
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Current Recommended Practice 
for Sports Lighting—Part Il 


6. Typical Layouts for Indoor 
Sports 
6.1—General—Sports played indoors 
may be generally divided into two 
classes: (1) sports played within one 
general area, Le., gymnasiums, where 
the lighting is provided by one light- 
ing system, and (2) sports played in 
specific areas designed expressly for 
that sport with a lighting system de 
signed specifically for that one sport. 
6.2—Gymnasiums — (a) The school 
gymnasium 8 Aa multi-sport center 
which serves the student body during 
the daytime and in many cases the 
night. It 
dances where the 


is used for 
lighting 


community at 
preferred 
key is low and colorful, for assemblies 
where the lighting is primarily for 
atmosphere, for general exercise and 
recreation where the lighting assures 
safe and edequate performance, and 
lastly, for games and exhibitions where 
substantially higher levels are required 
both for players and spectators. The 
higher levels needed for exhibition 
events may be attained by means of 
a supplementary system. 


(b) The 


mended for a gymnasium depend on 


illumination levels reeom- 
the purposes for which the gymnasium 


is used (see Table I). Uniformity of 
illumination well within the maximum- 
minimum brightness ratio of 3 to 1 
(paragraph 2.2.2) is particularly im- 
portant for multi-sport gymnasium use 
and is readily attainable by proper 
design of the lighting system. Glare 
may be minimized by a choice of lumi- 
naires of low brightness at the higher 
angles and by the use of a ceiling of 
light color. Luminaires should be 
suitably protected from mechanical in- 
jury. 

(c) In most cases these lighting re- 
quirements are met with general illumi- 
nation from a direct lighting system. 
However, in some cases consideration 
is given to semi-direct or even indirect 
*Approved by the I.E 8. Council, December 
1950 
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NATING 


lighting Where the gym 
nasium is to be used for inter-school 
basketball 


similar area should be provided with 


systems. 


games, the eourt or other 
supplementary lighting from concen 
trating industrial type lighting units. 

6.3—S pecialized Areas—(a) This re 
port contains typical layouts to illus 
trate good lighting practice for certain 
specialized sports usually played in 


doors. Illumination levels obtained 
with these typical layouts may be ex 
pected to meet substantially the L.E.S 
recommended values. In any installa 
tion, the illumination obtained in sub- 
ject to unpredictable variations in in 
stallation, reflectors and lamps within 
manufacturing tolerances, and in volt- 


age at the lamps. 


7. Design Factors 
7.1—General 


among the various design factors de 


(a) The correct choice 


pends upon a balancing of economic 
costs against such factors as appear 
ance, relative safety, and reliability. 

(b) The 


should include: (1) an amortization of 


overall cost for lighting 
the first cost, (2) the cost of electrical 


energy consumed, (3) cost of lamp 
replacements, and (4) an estimate for 
maintenance expense exclusive of lamp 
replacement. 

(c) Comparison of lighting systems 
on this basis, perhaps with different 
luminaires or different wiring methods, 
may be made by means of a_ cost 
A true should 


involve systems providing comparable 


analysis., comparison 


quality and quantity of illumination. 


7.2—Lamp Voltage — (a) 


sports lighting installations are utilized 


Many 


for a comparatively small number of 
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hours per year. In such cases good 
economy dictates the operation of the 
filament lamps a4t voltages above those 
for which they were designed. In gen 
lighting 


over 


eral, operation of general 


service lamps at 10 per cent 


rated voltage should prove economi- 
eal when filament lamps are in use 
200 hours or less per year, and 5 per 
cent overvoltage operation when an 
nual use is from 200 to 500 hours. 
Where annual operation exceeds 500 
hours lamp operation at rated voltage 
is recommended, Operation at 10 per 
cent over voltage increases light out 
put 35 per cent, power consumed, 16 
per cent, and reduces lamp life to ap 
proximately one quarter of rated life. 
Operation at 5 per cent over voltage 
increases light output 18 per cent, 
energy consumption 8 per cent, and 
reduces lamp life approximately one 
half of rated life 

(b) The typical layouts in this ree 
ommended practice take advantage of 
over voltage operation where justified 
to reduce the amount of equipment 
required, While over voltage lamps are 
referred to in many layouts there is no 
expressed or implied restriction on the 
use of any other suitable lamp of 
equivalent output and life at rated 
volts. 

73—Choice of Equipment—(a) 
Floodlights, due to their larger size, 
more elaborate mounting requirements, 
and in some cases cover glasses, are 
more expensive than normal indoor 
type luminaires. The use of floodlights 
is economically justified on any out- 
door area where the light must be pro- 


The 


comparison can readily be caleulated 


jected to a considerable distance. 


by the methods »utlined in Appendix 
D. 

(b) Floodlights are with 
beam spreads of various degrees and 


available 


ean be used economically to coneen- 
trate light on and near the playing 
area even when they must be mounted 
several hundred feet from the playing 
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Figure 


Twin mounted individually circuited filament luminaires provide a 


choice of Ulumination levels for practice and contests in this university gymnasium. 


irea. On the other hand, some of the 


playground sport uch as horseshoe 
pitching hullehoard, ete may 
be lughted by indoor type 
uitahl vliapted for out 
‘hoor tse 
7.4—Chowe of Beam Spreads Most 
ope light provide iumberently 
wide bea spread, Enclosed floodlights 
are available im a range of beam 
«spreads from wide to narrow. The 


choiwe of beam spread depends largely 
on the distance from the floodlights to 


Figure 35 
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the area to be lighted; the greater the 
distance, the narrower the beam spread 
Although 


the cost of specularly-refleeting equip- 


high utilization efficreney 


ment is hyher than that of wide-beam 
types the overall installation cost with 
specular reflectors is less when the 
floodlights are located at a consider- 


oble distance because fewer units are 


needed. Conversely, when floodlights 
are located relatively close to the 
playing area wide beam spreads can be 


used with good economy. 


Light sources concealed by sawtooth ceiling construction give uni- 
directional lighting. 


Part ll 


7.5—Open and Enclosed Floodlights 
—The choice between open and en- 
closed floodlights depends chiefly on 
differences in cost and in rate of depre- 
Open floodlights cost less, but 
depreciate more rapidly due to collee- 


elation 


tion of dirt, soot, ete., on reflecting 
surfaces and light sources. It is gen- 
erally accepted practice to allow a 
maintenance factor of 75 per cent for 
enclosed floodlights and 65 per cent 
for open floodlights when calculating 
the maintained footeandle level. The 
typical layouts are based upon these 
maintenance factors. Although these 
factors are empirical, they are based 
on considerable experience. The clean- 
liness of the surroundings, the fre- 
quency of cleaning of the units and 
replacement of lamps will affect the 
maintenance factor to a considerable 
extent. 

7.6—Reflectorized Lamps Reflee- 
torized lamps may be used; their prin- 
small-seale 
Reflee- 


torized lamps for outdoor use are 


ciple application is in 
sports lighting installations. 


made of heat resisting glass which will 
not crack when subjected to rain while 
in operation. The relative economy of 
these associated 
equipment when compared with other 


using lamps and 
lighting systems may be ealeulated for 
any installation. 


7.7—Wiring—(a) Outdoor floodlight- 
ing installations are sometimes made 
with overhead wiring and in other 
eases with either direct burial under- 
ground cable or wire in a duct system 
which runs to the base of each pole or 
tower and extends up the tower in 
rigid conduit. The type of wiring to 
use depends on local practices and on 
economie factors including the value 
placed upon such items as appearance, 
safety, and reliability. In addition to 
the choice in method of wiring an eco- 
namie study should be made of the 
method of distribution. Some installa- 
tions justify a separate transformer 
on each pole or tower with primary 
wiring to each such location. In other 
eases it is more economical to reduce 
the number of transformers and run 
secondary wiring to some of the flood- 
light locations. The question of wheth- 
er or not to individually fuse each 
floodlight is determined partially by 
local practice and partly by economic 
considerations. 
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Championship 500 Direct (concentrating distribution) 
Professional 200 Direct (concentrating distribution) 
Amateur 100 Direct (concentrating distribution) 


Laurs 1000-watt clear general lighting service operated at 10% 
over rated voltage for Championship and Professional bouts 
MounTine 18-20 feet above ring 


Figure 36. Typical Layout for Indoor Boxing or 
Wrestling Rings. 
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Figure 37. Typical Layout for Tournament Bowling. 


1ES Current 
Recommended 
Practice — Foot - 
candies Main- 
Class tained in Service Luminaires Required 


Tournament 20 on alleys Ca Direct indirect lumin 
with filament or white fluo 


rescent lamps providing ap 
proximately 9200 lumens. 
Direct fucrescent or filament 
lamp unit providing ap 
proximately 4600 lumens. 
50 on pins P PARK 38 projector floodlamp 
or 50 watt inside frosted 
lamp in directional lumi 
naire, or two 75 watt R30 
reflector floodiamps 


MouNTING Mount lane anits on ceiling at approximately 30 de 
grees from horizontal, Mount floodlights behind shield close to 


pins 


Practice — Foot - 
candies Main- 
Class tained in Service 


Recreational 10 on alleys 


Luminaires Required 


Direct-indirect luminaire with 
filament or white fluorescent 
lamps providing approx: 
mately 4600 lumens 

Direct fluorescent or filament 
lamp unit providing approx 
imately 4600 lumens 

Direct unit providing ap- 
proximately 2300 lumens 

10 on pins C PAR 38 projector floodlamp 

or 150-watt inside frosted 

lamp in directional lumi 
naire, or two 75-watt R30 
teflector floodlamps 


MouNTING Mount lane units on ceiling at approximately 30 de 
grees from horizontal, Mount floodlights behind shield close to 


pins 


ee 


Figure 38. Typical Layout for Recreational Bowling. 


ro) ISIN. 


BAFFLE 
10 TO 


DETAIL OF BAFFLE SHIELDING 


TO HAVE 60-80% RF 


Figure 39. Typical Layout for Reereational Bowling Using Bare 
Filament 


Lamps and Baffles. 
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1ES Current 
Recommended 
Practice —Foot - 
candles Main- 


Class tained in Service Luminaires Required 


Semi-indirect unit with 300- 
watt inside frosted general 
service lamp 

Exposed 40 watt inside frosted 
general service lamps 

30 on pins PAR-38 projector floodiamp, 

or 150-watt inside frosted 

lamp in directional lumi 

naire, or two 75-watt R-30 

reflector floodlamps 


Kerreational 10 on alleys 


MounTine: Mount lane units on ceiling behind baffle. Baffles at 
first and second rows from foul line should be deeper than 
indicated above and possibly tilted to reduce specular reflection 
in polished lanes. To achieve the recommended footeandles the 
reflectance of baffles and ceiling must be maintained at 60% 


or better 
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1ES Current 
Recommended ee oo 8 ° ° ° 
Practice o poo wo { 

Maintained opoo q ° | ° ° ° 
Class in Service No Type eoboo ao s 
obo odo 

g 

8 
— 
1ES Current 
Recommended 
4 | ti 

‘ane 
‘ 
pel 
| 

| 
ie 
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OFT 


Class 


Tournament 


Recreational 


Laure 


Luminarres Required 
Type 


Direct unite (*pread distribution) 
with 200 watt flament lamps 


unite (spread distribution) 
140 watt filament lamps 


Direct 
with 


Direct anits (spread distribution) 
with 150 watt filament lamps or 
white fuorescent lamps supplying 
approximately 4600 lumens 


Inaide frosted general service filament lamps operated at 


! 10% over rated voltage for Tournament Play and 5% over 


rated voltage for Club Play 


TOURNAMENT RECREATIONAL RECREATIONAL 


Figure 40. Typical Layout for Table Tennis. 


ONC ANDE SCENT) 


Current 
Recommended 
Practice 
Footcandies 


(INCANDESCENT) 


(F SCENT) 


TARGE 


° 


y 
° & 


om Service Luminaire Dessgnation 


10FTO 
° 


aimed forward 


Heavy Duty 


erated at rated 


TARGET 


Typical Layout for Indoor Rifle and 
Pistol Ranges. 


Figure 41 
FIRING 


Maintained 


Class in Service Luminaires Required 


10 27 distribution) lami 
white fluorescent 


approximately 4600 


spread 
each with 
providing 


Tournament direct 
naires 
lamps 
lumens 


(lab units as above 


10 


Kecreational 9 units as above 


— ——_—__—__—_ J MounTING Recessed in ceiling, with cover glass; ceiling height 
25 feet 


TOURNAMENT RECREATIONAL 
Typical Layout for Four Wall Handball (Indoor) Using Fluorescent Lamps. 
used for Squash.) 


Figure 42 (Same or similar layout may be 


Current 
Recommended 
Practice 
Footcandies 
Maratained 
in Service 


Luminaires Required 


lumi 
watt 


distribution 


ntaining one 


iv spread 
naites each 
side frosted 


amp shielded 


if glare. silwered bow! lamps or 


difusir 


to ev 
media recommended 


Club above 


as 


00000 
e000 0000 


Rev reations i! watt units similar to above 


ne. with cower glass. ceiling height 


fot 


TOURNAMENT RECREATIONAL 
Typical Layont for Four Wall Handball (Indoor) Using Filament Lamps. (Same or similar layout may be used 
for Squash.) 


Figure 45 
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Aprennx A Beam CHARACTERISTICS AND PHOTOMETRIC PERFORMANCE 
or 


Heavy Duty Enclosed Floodlights — Class HD 
Beam Efficiency, Per Cent 
Less than 17-inch Diameter 
Type Beam Spread, Degrees 17-inch Diameter and over 

10 to lees than 18 32 5 
18 to less than 29 “a 40 
29 to less than 46 40 48 
46 to less than 70 as a7 
70 to leas than 100 50 55 


General Purpose Enclosed Floodlights — Class GP 
Beam Efficiency, Per Cent* 
Less than 17-inch Diameter 
Beam Spread, Degrees 17-inch Diameter 
10 to leas than 18 a4 
18 to lees than 29 36 
29 to less than 46 19 
46 to less than 70 ac 
70 to less than 100 46 


Open Type Floodlights 
Beam Efficiency, Per Cent* 
(Less Insert) (With Insert) 
Type Beam Spread, Degrees Class O Class OF 
4 46 to less than 70 ; 
5 TO to less than 100 40 


6 100 and up 55 60 


*Refer to NEMA Standards FL.6210 and FL-6 200 
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POLE A, POLE Ap 


POLES ABB-S5FT 
POLES C 


OUTFIELD OISTANCE-200FT 


FIGURE IN TOP OF CIRCLE 
POLE A) SAME AS A> REVERSED, POLE He / DENOTES HORIZONTAL 
8, SAME AS 8, REVERSED, POLE C, DEGREE SETTING, RIGHT 
SAME AS Cq REVERSED, POLE Cy OR LEFT, WITH THE 


SAME AS Co REVERSED (SEE CHARTS POLE Cag OBSERVER BACK OF 
aT RIGHT) (a) FLOOOLIGHTS FACING IN 
DIRECTION OF BEAM 


MOUNTING HEIGHT 


FIGURE IN BOTTOM OF 
CIRCLE DENOTES VER- 
TICAL DEGREE SETTING 
BELOW THE HORIZONTAL 


POLES 106 


rset 


POLES 5810 


VERTICAL BEAM ANGLE 
MOUNTING HEIGHT-- SOFT 


NOTE POLE NO5 SAME AS POLE 
NO.10, POLE NO | SAME AS POLES 2,3,4,7,8,9 
POLE NO 6, POLES NO 3, 
END ELEVATION OF FLOODLIGHTS “ae 
AIMED AS SHOWN IN PLAN VIEW (b) 
Figure B-1. Floodlight spotting diagrams: (a) 32-unit softball field, (b) 40-unit 
football field. Each unit indicates one floodlight beam; center of beam should 
strike ground at end of arrowhead. 


Aprenpix B-— AIMING OF 
FLoop.Licuts 


B-1—General—(a) In any sportslighting 
project, proper aiming of the luminaires 
upon installation is vitally important in 
order that the user may secure the full 
benefits of the quality that the manufac 
turer has built into his equipment and of 
the layout that the engineer has provided. 
In certain sports employing a symmetric 
field, such as football, the development of 
pattern is 


an aiming or ‘‘spotting 
relatively simple, requiring merely that 
seale drawings be made showing the 
field and the floodlight beam spread 
angles. From an end elevation view, the 
vertical aiming of the floodlight beam 
axes may be determined to obtain ap- 
proximately uniform horizontal illumina 
tion across the field together with suffi 
cient ‘‘spill,"’ ‘‘direet filament,’’ or 
**beam-edge light’’ in the space above 
to provide uniformity to a height of 40 
to 50 feet above the field. In this con 
nection, care must be taken to minimize 
the amount of light from the upper por 
tion of the floodlight beams falling in 
the opposite spectator stands, The plan 
view of the field makes it possible to 
plan horizontal aiming of the floodlights 
to provide approximately uniform hori 
zontal illumination in the longitudinal 
direction of the field. Rigorous calcula 
tion methods make it possible to pre 
determine accurately the footeandle dis 
tribution provided by any given aiming 
pattern, but because such calculations 
are tedious, it is general practice to base 
spotting or aiming diagrams on previous 
ealeulations and practical experience 
with similar fields 

(b) Figure B-1b shows an end elevation 
view of the vertical beam coverage of 
two typical symmetrical beam floodlights 
aimed at a football field. It will be noted 
in this case that relatively wide beam 
floodlights (Type 5) are used because 
the poles are close to the playing field. 
It will be noted also that the upper parts 
of the beams of the two sets of flood 
lights indicated fall in the opposite 
stands. However, since these are the 
wide beam type, the candlepower in these 
upper portions will be low, and the 
spill brightness from them will be with 
in comfortable limits when evaluated 
with respect to the relatively high bright 
ness of the field itself. 

(c) Typical aiming diagrams for football 
and softball are shown in Figure B-1. 
For minor sports where relatively few 
floodlights are employed aiming may be 
accomplished on the job by using these 
diagrams as a guide and following the 
basic principles discussed above. For 
more complex installations involving a 
larger number of floodlights it is desir- 
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able to obtain an diagram in 
advance 
lighting equipment 

B2 Field Methods of Adjusting Flood. 
lights (a) 
tting r aiming 


an installation 


aiming 


from the manufacturer of the 


There are several ways to 


put information to 


use in making First and 


most accurate ie manual aiming of the 


floodlight beam centers at predetermined 


spots on the playing area. This may be 
accomplished by using builtin beam 
sights or by placing accessory beam 


sights against floodlights parallel to their 


optical axes. Markers then are placed at 


the aiming points on the field and the 
sights aimed at those points 
(>) A second aiming method for direct 


floodlights is to ealeulate or de 


from the 


ing the 


termine graphically aiming 


diagram the vertical and horizontal set 


ting of each floodlight. Most floodlights 


are equipped with degree scales which 
may then be set to those angles. The 
accuracy of this method may be less 
than that of the one described above 
unless the poles are set accurately and 
the ecrossarme carefully leweled and 
aligned. A difference of only a few de 
grees may move the beam center 20 feet 
or more on the field 

(ec) A third aiming method which may 
be used successfully with practice is to 
stand an observer on the fleld short of the 


flood 
approxi 


aiming point ‘se the line from the 


light to the aiming point passes 
mately through the observer's eves) to 
observe the floodlight 


As the 


preferably through 
flood! 


observer then 


hinoeulars ght is moved by 


an assiatant. the estimates 


the position in which the lamp filament 


or concentric reflector rings) appears 
exactly centered in the floodlight aper 
ture An alternate observation method 
that may be used with the narrow beam 


type (specular reflector) floodlight is to 


light the lamp and, with emoked glasses 


on preferably with binoculars esti 


mate when the entire reflector ippears 


uniformly bright and at a maximum 


brightness The latter methods are in 


herently leas accurate than the first meth 
od but may be satisfactory when rela 
tively large numbers of medium or wide 


beam floodlights are directed into the 


general area 


Arrenorx MAINTENANCE 


The Importance of Proper 
Maintenance 
Loss of illumination will result from 
the use of depreciated lamps and from 
accumulated dust and dirt on the reflect 
ing or transmitting surface of any light 


whether installed outdoors 


ing luminaire 
If the 
resultant 


or indoors installation is indoors 
the illumination 


value is also affected by the condition of 


maintained 
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the ceiling, walls, and general surround 


ings 
may be 


Depreciation of 25 to 50 per cent 
depending 
efficiency of the maintenance 
C.2—Maintenance Factors for Outdoor 
Design Calculations 


In the design of a lighting installation 


expected upon the 


program. 


ealeulated to provide specific illumination 


values using a given quantity of lumi 


naires, it is necessary to assume specific 
factors as well as minimum 
efficiencies of lighting de 
it is recommended that the NEMA 


Standards’ be applied to luminaire desig 


maintenance 
For the basis 
sign, 
of standard 


nation to permit the use 


maintenance factors of 75 per cent of 


initial value for enclosed luminaires and 


65 per cent for open luminaires. 


C.3—Maintenance Factors for Indoor 
Design Calculations 
For 


maintenance 


interior lighting calculations the 
factor 


design of the 


used will depend 


upon the specific luminaire 


chosen. For suggested maintenance fac 


tors for typical luminaires refer to 
Table 92 of the 1.E.S. Lighting Hand 
book, Seeond Edition.® 


C4 


brequency of Cleaning 

accumulation of foreign matter 
upon % luminaire depends upon the local 
atmospheric conditions, it follows that 
the frequency of cleaning the equipment 
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Floodlight distribution data sheet. 


basis of the 
existing atmospheric conditions and the 
type of lighting system employed. It is 
recommended that floodlight luminaires 
or industrial type luminaires used out-of 
doors be thoroughly cleaned as follows: 


must be determined on the 


1) At the beginning of each season. 

2) Whenever a lamp is replaced. 

t) In extreme smoky areas at least once 
times 


and preferably two or three 


during the season. 

For interior lighting systems a suit 
able cleaning schedule should be estab 
check of the illumination 
periodically with a light meter. When 
the illumination has decreased to 75 per 
cent of its initial value the equipment 
should be A thorough washing 
of interior lighting equipment at least 


lished by a 


washed. 


a year is justified in most locations, 
In dirtier areas, three or four cleanings 
per year are needed to achieve the low 
est cost operation in terms of footcandle 


twice 


hours per dollar. 

The of cleaning the sur 
rounds such as walls and ceilings is de 
termined to a large extent by the amount 
and character of dirt contained in the 
Regular inspection and ade- 


frequency 


atmosphere. 
quate cleaning are recommended to main- 
tain the reflective efficiency and bright- 
ness ratios between luminaires and sur- 
rounds 
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C-5—Lamp Replacement 

(a) Replacement of lamps which are 
badly blackened and those which have 
reached approximately three-quarters 
of life expectancy is important in main 
taining the continuity of the lighting 
(>) “Group replacement” of all lamps 
in an installation may be made at the 
time of the annual inspection and clean 
ing or when the lamps have burned ap 
proximately three quarters of their aver 
age life expectancy. Group replacement 


minimizes outages during the playing 
season and removes from service lamps 
which have depreciated substantially. 
The lamps removed are inspected visually 
and the better ones saved for replace 
ment at burnouts prior to the next group 


replacement. 
C4—Cleaning Agents 


Neutral soap or 
completely dissolved 


neutral detergents 
in water, or mild 
cleaning agents will generally clean light 
ing equipment satisfactorily. Special 
cleaners are available for extremely dirty 
equipment. 
C-7—Physical Inspection 

Every time a luminaire is cleaned or 
relamped, it should also be inspected for 
mechanical defects. Prompt correction of 
any defects will serve to prolong the life 
of the equipment and minimize frequency 
of cleaning. Service men should be in 
structed to exercise reasonable care in 
handling lighting equipment, especially 
in not forcing shut the cover glass doors 
or globes when incorrectly aligned. 


D — CaLcuLation Mernop 
For Averace Horizontan 
FoorcaNnDLES 

D-1—I ntroduction 

(a) The method of caleulating the 
footeandle level which can be expected 
from any given number and arrange 
ment of floodlights or of calculating the 
number of floodlights required to pro 
duce a given level is more complicated 
than the interior lighting calculation. 
This is true because there are many 
variable factors such as the distance 
from the playing area to the floodlights, 
the mounting height, and the aiming of 
the floodlights. 

(b) Some approximate methods of cal- 
‘eulation have been developed and are 
available from the manufacturers of 
lighting equipment.*.!° The most accu 
rate method of calculating the foot 
eandles produced by a floodlight instal 
lation is one which was developed by 
NEMA and which is reproduced below. 
This method involves the use of light 
distribution curves of the isocandle type 
on which the area to be lighted is plotted 
around the beam axis. 

(c) For calculation purposes, depending 
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Figure D-2. Typical floodlighted football field used in sample calculation of 
average horizontal footcandles. 


upon the accuracy required, one or more 
representative floodlight beam patterns 
should be chosen for each pole location 
where varying utilizations may result. 

(ad) The method of computation con 
sists of plotting the area to be lighted 


on the photometric curve and then add- 
ing up the number of lumens contained 
inside the area. The number of lumens 
divided by the area in square feet gives 
the average illumination from the unit 
in footeandles. 


fo} 
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X - LONGITUDINAL DISTANCE 
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a 


HEIGHT IN FEET 


A - VERTICAL ANGLE IN DEGREES 


Figure D-3. Nomogram for determining vertical angle (angle 4 in Figure D-2) 
in terms of longitudinal distance X and mounting height H. 
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IN FEET 


H-MOUNTING HEIGHT 


ANGLE IN DEGREES 


LATERAL 


Y-DISTANCE IN FEET FROM TOP OF POLE PARALLEL WITH AXIS OF FLOODLIGHT 


IN DEGREES 


D- LATERAL DISTANCE 


A - VERTICAL ANGLE 


Figure D 4. Nomogram for determining lateral angle B in terms of vertical angle 4, mounting height H, and distances Y and D. 


Sample Computation 


An example fa ty 


eurve 
(b) Te 
light projecting the 
vertical plan oug ts center aANIS Is 


ne FAW in Figure 
of the area VIL and 


perpendicul 
The two 
FW will 


straight 


sides 


ippear on the isecandle curve as 


nes parallel to the horizonta 


beam axis. It is, therefore, necessary to 


ealeulate only the vertical angles 4 from 


the pole to the near and far sides of the 


area in order to draw them on the dia 


gram. The extremities of these lines, or 
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points F, M, L and N, must be found by 


obtaining the true lateral angle B in 
passing through the floodlight 
the the 


The contour of the side 


the plane 


und the side of field in which 
point is located 
FN or MI 


her of points on the 


is found by assuming a num 
line and finding the 
corresponding lateral and vertical angles. 


he vertical angles (4) are found from 
Figure D3. The 


found from Figure D4 


the nomogram, lateral 
ingles (B) are 
The exact procedure is as follows: 
1. Refer to Figure D3. Lay a straight 


edge across the chart connecting the dis 
tance feet 
height H (60 feet 
{ read the 
pole to the ray of light reaching the 


side of the 


200) with the mounting 
On the center line 
the 
far 


the 


vertical angle A from 


field (73.5 degrees In 


same way using H 60 feet and X 
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20 feet the vertical angle (4°) to the 
near side of the field is found to be 18 
degrees. 

2. Refer to Figure D-1. The location 
of the area on the chart depends on the 
is tilted 


The total vertical angle intercepted by 


angle at which the floodlight 


the field is angle G, or angle A to the 
far side minus angle A’ to the near side 
This equals 73.5 — 18 or 55.5 degrees. 
For convenience, assume that the center 
the floodlight is tilted to the 
point where it bisects this angle. Then 
the far side of the field is 55.5 degrees 
divided by 2 or 27.75 degrees above the 


axis of 


axis, and the near side an equal number 
of degrees below. On the isocandle curve 
en on 


draw horizontal lines 27.75 
the O-degree 


(Figure D-1 


degrees above and below 


axis. 
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aren im termes of latera und = 
legrees and transfer it to the isocandle eo 


3. To 
Figure 
the chart from the mounting height H = 
60 feet to the vertical angle A = 73.5 
degrees and read on line Y (210 feet 
Now connect 210 feet on line Y with D 

225 feet on line D, and read on line 
B the lateral (47.5 
Plot this point on the top horizontal line. 
In the same way, find point F by using 
f 18 degrees and D 225 feet 
Points L M are found using the 
same vertical angles as for N and F, re 


determine point N, refer to 


Lay a straight edge across 


angle degrees). 


and 


spectively, and D’ equals 135 feet 

4. The four corners of the area are 
but the of the 
will not appear as straight lines, so it is 
sufficient 
The first points 
on the 0 


now located, ends area 


necessary to plot points to 
determine the curvature 
to be 


degree center axis. 


determined are those 
The vertical angle to 
use on Figure D4 is A minus 27.75 or 
45.75 degrees. From this and D 225 
feet the point at the left is found to be 
60 degrees, and from D’ 135 feet the 
point at the right is 56 degrees. At least 
one additional point above the axis and 
one below should be determined. These 
may be 
angles such as 15 degrees above the axis, 
ora (45 15 60.75 degrees. 
With these plotted on the iso 
eandle curve the ends of the field ean be 


found by assuming vertical 


points 


drawn. 

(c) With the field plotted on the curve, 
the lumeys which fall on the field are 
added up. In the zones cut by the sides 
of the field, estimate the proportion of 
the lumens included within the boundary. 
A tabulation of these values is given 
below. 

(a) Referring to Figure D-1, it will be 
noted that while the calculations have 


been made for a unit on pole 3, the 


same result applies to any unit on poles 


2, 6 and 7. It is then necessary to make 


a similar ecaleulation for pole 4, for 


instance, which result will also apply 
to any unit on poles 1, 5 and 8. 
(e) It may happen that a better utili 
zation factor and increased intensity 
ean be obtained by tilting the floodlight 
at a different vertical angle. This can 
determined by studying the 
in the lateral 
zones, given at the side of the isocandle 
Tilting the down 
merely involves shifting the entire dia 
of the 
quired number of degrees on the curve. 
D-3—Irregular Areas 

In the case of irregular areas the sides 
of the field, such as FM and NL, may 


may not be 


readily be 
summation of lumens 


eurve beam up or 


gram field up or down the re 


not be straight lines or 


parallel. In that case it will be necessary 
to determine both the vertical and lateral 


angles for several points on each line. 


D-4+—Special Cases 

(a) In computing values for a closed 
projector installation where the projec 
tors can be so located that all of the 
fall on the 
intensity can be 


beams will area involved, 


the average initial 
computed by dividing the sum of beam 
lumens of all of the floodlights by total 
area. In cases where the entire beam 
will not fall on the areas involved the 
method of 
Section D-2 should be used. 
(>) For a field 


where the average intensity for the in- 


computation deseribed in 


baseball installation 
field is given, the computations should 
be made by the method given in See 
tion D-2 or by the point-by point meth 
od, selecting a sufficient number of sta 
give a 
required at 


tions within the area to true 


average. If values are 


specified points, the point-by-point 


method of computation should be used. 


D-5—I ntensity at Various Points 
If further 


various points are 


details on intensity at 


lesired, it is recom 


mended that the so-called point by point 


Summation of Lumens on Field 


Above 


Below 


Above 


Below 
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13.688 Total lamens 
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method be used in computing illumination 
values. In view of the lengthy process 
and its well known principle, it is not 
included in this discussion. 


Arrennix E — Power 
DisTRIBUTION FOR FLOODLIGHTING 
INSTALLATIONS 


The electric utility serving the sports 
lighting project should be consulted as 
to the type and rates for service avail 
of this 
plans are developed for 


able, as well as rules for use 


service before 
the wiring. 

In many communities the installation 
of wiring is governed by local ordina 
Electric Code,"! 
in other of the 
code might well be followed because the 
merits of the Code are indicated by its 


based on the National 


communities provisions 


wide spread acceptance 
Wiring normally be pre 
pared by the 


consultation 


plans will 
electrical after 


with the 


engineer, 
electric utility, 
giving due consideration to the various 
factors involved such as service voltage, 
line voltage drop, and voltage rating of 
the lamps. These factors must be given 
consideration in order to secure the most 


effective use of the complete installation. 
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on the 


vestions and Bkinswers 


on light sources 


The 1.£.S. Committee on Light Sources, under the chairmanship of E. H. 


Raddin, has prepared this listing of answers to frequently-asked questions. 
Readers are invited by the Committee to submit similar questions of 
general interest on light sources, to be considered for publication from 


If a lead-lag instant-start ballast fails in a fixture, 
may it be replaced with one of the new sequence-start 


ballasts? 


Yes, providing the wiring of the fixture ts changed 
trons on the ballast. The wiring diagram 


ballast 


as per metruc 
sequence start must be followed care 
fully sinee this wiring is more complex than lead-lag 
wiring 

The lead-lag imestant-start ballast has the neutral of 
sockets of 


the two lamps, and it does not matter to which spring 


the line connected to both of the stationary 
socket the output leads of the ballast are connected 

In the case of the sequence-start ballast, the neutral 
line is connected to the stationary socket-of one lamp 
and the “hot” line is eonneeted to the stationa "y socket 
of the second lamp It is also extremely Important that 
the output leads from the ballast be connected to the 
proper spring sockets as designated on the ballast. If 
these output leads are interchanged on the two lamps, 


poor starting and improper operation will result 


How does an “enlarger” bulb differ from a household 
lamp of the same wattage? 

a special diffusing 
The 


manufacturer's etching is located on the neck instead 


The enlarger bulb is made with 


surface to provide more uniform illumination, 


of the end of the bulb so that the etch will not be 


imaged on the paper holder as might happen if a 


standard lamp were used. Also, the enlarger lamp has 
hizher brightness and shorter life than the household 


What is the principal factor that determines the 
construction of an incandescent filament lamp with 
respect to whether it is to be vacuum or gas-filled? 


CGienerally speaking, the diameter of the filament 


wire us the determining factor. The filaments of the 
early incandescent lamp types were operated in evacu 
ated glass bulbs, the purpose being to exelude air and 
thus keep the filaments from burning up. Later it was 
discovered that pressure exerted on the filament by an 


imert gas inside the bulb retarded the evaporation of 
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time to time. Questions may be sent in care of Society Headquarters. 


the tungsten filament, thereby making it possible to 
design lamps for higher filament temperatures without 
redueing the life. Use of however, introduces 


gas, 
energy losses due to cooling effeet of conduction and 
convection. The smaller the diameter of the wire, the 
greater the cooling effect, with the result that if the 
wire is too fine, the heat losses overeome the advan- 
tages of using gas. Wire with a eurrent rating of less 
than about one-third ampere has a wire diameter so 
small that the use of a gas is a disadvantage rather 
than an advantage. For this reason, standard voltage, 
general lighting service lamps of less than 40 watts 
are of a vacuum or “Type B” construction while lamps 


of 40 watts and higher are gas-filled or “Type C. 


What are considered the most effective sources for 
narrow beam projection systems? 

The most effective sources are those with small size 
and high brightness, such as crater type carbon ares 
and ineandescent filament lamps having concentrated 


monoplane or biplane filament construction. 


What are the principal gases used in incandescent 
filament lamps? 


Most present day lamps have a mixture of argon 


and nitregen in various proportions depending on the 
wattage and designed service. Use of argon results in 
« more efficient lamp but argon increases the tendeney 
to ionize and cause an are to develop between the lead- 
in wires. As the wattage or voltage or filament concen- 
tration increases, there is an increased tendency for a 
lamp to are. Consequently with such increases, there 
is a decrease in the percentage of argon used in the 
fill gas. For example, the highly concentrated filament 
found in projection lamps necessitates the use of 100 
per cent nitrogen gas. Krypton, a relatively rare and 
expensive gas, is most efficient but is only used in 
special types of lamps such as the small miner’s cap 
lamp where highest efficiency is desirable throughout 
the life of the miner’s battery. Hydrogen, very in- 
efficent for general lighting lamps, is useful for sig- 
nalling lamps since its rapid cooling effect on the fila- 


ment produces quick flashing. 


ILLUMINATING ENGINEERING 


@ 

= 
5 

‘ 
4 
4 
4 

4 
4 
i! 

lamp. 

| 


March 1 Is Deadline for 1952 Conference Papers 


Committee an 


The LES. 


nounces that a deadline date of March 1, 


Papers 


1952 has been established for the receipt 
from authors of outlines of their pro 
posed papers for the 1952 National Tech 
nieal Conference papers. It is realized 
that 


which could be written 


there are many excellent papers 
for this confer 
ence and authors are invited to submit 
their proposals. 

Triplicate copies of the outlines should 
March 1, 1952 to R. M. 


Zabel, Co Chairman, Papers Committee, 


be mailed by 


Committee Personnel Listings 
To Be Published in March 


Numerous additional committee ap 
pointments were made at the Executive 
Committee meeting held January 10, and 
the Council meeting February 14. All of 
these additions will be incorporated in 
the new up-to-date listing of Committee 
Personnel to be published in the March 


issue of ILLUMINATING ENGINEFRING. 


Photography of Installations 
Subject of 1.E.S. Program 


A subject of very wide interest, but 
one seldom presented, was the basis of a 
recent LES. meeting of the Puget Sound 
This 


Tool in Lighting,” presented by Fred E. 


Section. was “Photography as a 


Cooper, a lighting engineer with West 
inghouse, Seattle. 

The objective of the meeting was to 
arouse the members interest in personally 
taking photographs so as to have records 
of new work completed, to have a guide 
for more accurate work in relighting 
existing spaces, and te have promotional 
pictures to use with clients and cus 
tomers. 

In addition, while projecting a series 
of colored slides on to a sereen which 
showed typical school, office, and outdoor 
lighting Pacific 
Northwest, Mr. Cooper demonstrated with 


installations in the 
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Westinghouse Electric Corp., Lamp 
Division, Bloomfield, N. J. 

If a prospective author receives ten 
tative approval of the outline of his 
proposed paper, he must mail his manu 
seript to Mr. Zabel at the above address 
by May 1, 1952. It is the policy of the 
Papers Committee that no paper will 
appear on the program unless the manu 
script has been approved by the Papers 
Committee. 

Co-Chairmen of the 1952 Papers Com 
mittee are: L. E. Barbrow, Roy A. 


Palmer, and R. M. Zabel 


a light meter how the brightness ratios, 
color contrastr and even footeandle levels 
could be meashred with fair approxima 
tion from the photographs 

Several tools available for everyone's 
use were demonstrated and discussed. 
The Polaroid Land eamera with a flash 
gun 
ate development of the picture right in 


attachment, which permits immedi 


the camera as soon as it is taken, was 


one of the most interesting. Also certain 
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little “tricks” of photography for making 
moving 
from showing on the film, or cars going 


time exposures to keep people 


past from showing in a picture, were 
described to show how very easy personal 
photography can be 

The concluding item was the 36-minute 
Eastman Kodak sound and color motion 
picture entitled “Functional Photography 
borrowed from the Camera 


Rochester, New 


in Industry” 
Club 
York. 


Department in 


Maryland Section 
Charter Approved 


Petition was made to the Council Ex 
ecutive Committee meeting held in New 
York January 10, for a Section Charter, 
by members of the Baltimore Chapter. 
The petition, wth fall particulars, was 
submitted through Regional Vice Presi 
dent Paul Hildebrand. 

Following discussion of the qualifica 
tions outlined in the petition of the Bal 
timore Chapter and its reeord of activity, 
action was taken to approve transfer to 
Section status, approving also the change 
of the 


Section. 


name of the group to Maryland 


GUEST SPEAKER, Warren H. Edman, Line Material Co., at a meeting of the 

Southern California Section, holds a miniature street light standard presented to 

him by Program Chairman Roy Dahlin. Mr. Edman spoke on “Popular Aspects of 
Street Lighting.” At far right is 8. H. Simonsen, Section Chairman. 
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Montreal Section Presents 
Advanced Course in Lighting 


In cooperation with MeGill Univer 


sity, Department of University Exte: 


ror the Montreal Section LES 


irrently 


ng an advanced cours 


Fundamentals and Design.” 


aiy 


ghting 


Eastern Pennsylvania 
Acquires Section Status 


ee ; : WINNERS of the Prize Problem Award, given by the Twin City Section, and 
pa their instructors are: seated, Lloyd Williams, Richard Acott, Eugene Freerks 
and John Damberg; standing, Richard Lenci and Walter Vivrett, instructor. 

’ ; : Robert Carny, Norman Nagel and Frederick Koeper, other instructors of prize 


harter f sect to the former 
| winners, are not in photo. 
hement » way affected the 
: enthusinas f the meeting, held ir Prize Problem Awards This your the problem was lighting a 
| Hethlehem, Pa Announced by Twin City Section restaurant and bar. The winning design 
President 8. G. Hibben was there to Winners of the Prise Preble combined well coneeived arrangements 
present the charter to Frank E. Heins, Awards, given annually by the Twin of line and large area light sources, 
: Section Chairmar Mies Myrtle Fabs City Section of LE.S. for the archi concealed spot lights and luminaires to 
hender Westinghouse Eleectrie Corp., tectural students at the University of form an interesting interior 
was guest speaker with the topic, “My Minnesota, were announced at the De 
Charter Night was First and second awards consist of 
: Ladies Night. thie theme was most ay forty-five and forty dollars and student Convention m June 
: : propriate memberships and were given to Eugene Hotel reservations are already being 
A tou f the city to see the Christ Freerks and Richard Acott. Recipients placed for the National Association of 
mas street lighting concluded the even of student awards were John Damberg, — Electrical Distributors Convention sehed 
| ; ing Richard Lenei and Lieyd Williams, uled for June 8 through 12 in Atlantic 
City. Convention headquarters will be at 
4 the Ambassador Hotel there 
4 Detailed lists of the entire week's pro 


gram as well as reservation blanks, are 
available at 290 Madison Ave., New 
York 17, N. Y. Addresses by prominent 


industry leaders, and general discussions 


on important industry problems, will be 
features of the program. 


Explosion-Proof Chamber 
For Testing Electrical Devices 


An explosion-proof test chamber for 


electrical and electronic devices is in 


use at Wright Air Development Cen 
ter, where items under test are oper 


ated in a mixture of air and aviation 
gasoline. The %-inch steel test cham 


ber is designed to withstand pressure 


of 100 psi. Various conditions of alti- 


tude, explosive concentration, and tem 
PRESENTATION of Section Charter to the former Eastern Pennsylvania Chapter perature can be obtained during tests. 
was made in Bethlehem, Pa. December 28. President 8. G. Hibben hands the If a device operates satisfactorily with- 
charter to Section Chairman Frank E. Heins. Myrtle Fahsbender, guest speaker = out causing an explosion, it can then be 
at the evening meeting, looks on. tested for internal explosion 
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Course Direetor, L. R. MeCowan, of 
The Canadian General Electric 
echeduled ten lectures, hours earch = 
ahting Systeme Januar ay i > ° 
pecial Lighting — March 28 — 
vy 
Be. 


Residence Lighting Forums 
Gaining Momentum 


Notices of very active and worthwhile 
programs put on by the Society's several 
Residence 
received at headquarters with increasing 
frequency. Full 
year programs are under way in New 
York, Detroit, Knoxville 
Interest is also developing in Chicago, 
Philadelphia and Miami. 


Lighting Forums, are being 


seale eight meetings a 


Atlanta and 


In the Michigan Section, as in New 
York and some others, Forum members 
hold 


Section, at least once a year. An espe 


joint meetings with their parent 
cially successful joint meeting was held 
in December at the Detroit Yacht Club 
Since residence lighting reaches the in 
terest of wives as well as engineers, 
many ladies were among the 100 people 
An illustrated talk on Recrea 
Miss Mary 


Edison formed the 


attending 
Lighting by 
Detroit 


tion Room 
Taepke of 
main program. 

A festive note was added to the ocea 
sion by a dinner for 100, with a cocktail 
Miss Taepke fol 


lowed this up with slides on Christmas 


hour preceding it 
decorative lighting ideas, and interesting 
lighting accessories. 


Attendance Analysis 
Of Industrial Clinic 


An analysis of the attendance at the 
recent clinic on Lighting for Industrial 
Production and Safety, co-sponsored by 
the LE.S. Chieago Section, the Chicago 
Association of Commerce and Industry 
and the Chicago Lighting Institute, has 
been made. Total attendance was 212, 
and the 
is: 
Industrial Plants 
Publie Utility Companies—61 


breakdown by representation 

38.2 per cent. 

28.8 per 
cent. 

Lighting 
Sources—--47 

Electrical Wholesalers and Contractors 

16—7.5 per cent. 


Equipment (Fixtures and 


22.1 per cent. 


General (schools, consultants and pub 
lieations)—-7—-3.3 per cent. 


Engineers Urged to Clarify 
Technicai Speeches and Writing 


The long standing preblem of how 


engineers can make themselves more 
readily understood both in speech and 
written word to their colleagues and the 
public, was officially considered at one 
of the recent sessions of the American 
Institute of Electrical Engineers winter 
convocation at the Hotel Statler, New 
York. Three educators from New York 


University told the men and women engi 


(Continued on page 104) 
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LIGHTING CALENDAR 


Society Events 
March 13, 1953-—Meeting of 1 ES 


Executive Committee 


Coancil 


March 13-14, 1952 —Seuth Pacific Coast Re 
gional Conference, Hotel Sir Francis Drake 


San Francisco, Calif 


March 20-21, Northwest Re 


1 Conference, Hotel Victoria, Vancouver, 


March 31, 1952 Meeting of 1. E.S. National 


Council, Edgewater Beach Hotel, Chicago, 


April 6-8, 1952 Southwestern Regional Con 
ference, Hotel Tulsa, Tulsa, Okle 

Regional Con 
Tenn 


Southern 
Nashville 


April 20-22, 1952 


ference, Hermitage Hotel 


Canadian Regional 
Brock Niagara 


April 30 - May 2, 1952 
Conferene Hotel General 
Falls 


May 5-6, 1952 —‘ireat Lakes Regional Con 


ference, Statler Hotel, Cleveland, Ohio 


May &, of 1.E.S. Council Ex 


ecutive Committee 


East Central Regional Con 
Pittsburgh, Pa 


May 21-23, 1952 
ference, Webster Hall Hotel 


Council 


June 18, 1952 - 
New Vork, N. ¥ 


Meeting of LES 


Regional 
Mass 


June 19-20, 1952 — Northeastern 


Conference, Hotel Preston, Swampscott 


July 10, 1952 Meeting of 


Executive Committee 


Council 


September 8-13, 1952 Illuminating Engi 
neering Society, National Technical Conference, 
Edgewater Beach Hotel, Chicago, Ill 


Industry Events 


March 3-6, 1952 


Convention 


Institute of Radio Engi 
neers, Waldorf.Astoria Hotel & 
firand Central Palace, New York City 


March 5-8, 1953 — Easex Flectrical League 
Seventh Annual Electrical Industrial Exposi 
tion, Terrace Ballroom, Newark, N 


March 10-13, 1952 National Electrical 


Manufacturers Ass'n, Edgewater Beach Hotel 
Chicago, Il 


March 22- April 6, 1952 Chicago Interna 


tional Trade Fair, Navy Pier, Chicago, Il 


March 24-26, 1952 
chanical Engineers, 
Wash 


March 26-28, 1952 


ference, Hotel Sherman 


April 1-3, 1952 


Sales Conference, Chicago, I 

April 1-4, 1952 Greater New York Safety 
Council, 22nd Annual Safety Convention & 
Exposition, Hotel Statler, New York City 
April 28-30, 1952 
tributors Association, 
Niagara Falls, Ont. 
April 28- May 3, 1952- 
merce, Annual Meeting, Washington, D. ( 
May 4-8, 1952 -The Electrochemical Society 
Inc., National Convention, Benjamin Franklin 
Hotel, Philadelphia, Pa 


American Society Me 
Spring Meeting, Seattle 


American Power Con 


Chicago, I 


Edison Electric Institute, 


Canadian Electrical Dis 
General Brock Hotel, 


Chamber of Com- 


Institute of 
Hotel Van 


Engineering 
Meeting 


May 5-7, 1952 
1952 Annual 
couver, Vancouver, B.C 


May 5-9, 1952 iSrd Annual National Res 
taurant Asse tion, Convention & Exposition, 


Navy Pier, Chicago, Il 


May 6-9, 1952 Fourth International Light 
ing Exposition & Conference, Cleveland Mu 
nicipal Auditorium, Cleveland, Ohio 

Utilities Advertising 
Hotel Radi 


May 8-9, 1952 Public 
Annual Convention 
Minn 


Asser tation 
son, Minneapolis 


May 12-13, 1952 
Association of Ontario 
ing, General Brock Hotel 


Electrical Contractors 
Annual General Meet 
Niagara Falls, Ont 


Edison Electric Institute 
Cleveland, Ohio 


June 2-5, 1952 


20th Annual Convention 


International Organisation 
General Assembly 


June 8-21, 1952 
for Standardization (180 
Council and a Number of Technical Commit 
tees, Columbia University, New York, N. ¥ 
Week of June 9, 1952. 44th Annual Con 
National Association of Electrical 
Atlantic City, N. J 


vention 
Distributors 


June 23-27, 1952 Summer General Meet 
ing, American [netitute of Electrical Engineers, 


Hotel Nicollet, Minneapolis, Mion 


Week of June 23, 1952.American Society 
for Testing Materials, 50th Anniversary Meet 
ing Hotels Statler and New Yorker, New 
York, N.Y 


June 30- July 2, 1952 Canadian Electrical 
Association, Annual Convention, Banff Springs 
Hotel, Banff, Alta 


Pacific General Meet 
Electrical Engi 


August 19-22, 1952 
ing. American Institute of 


neers, Phoenix, Ariz 


September 8-10, American Standards 
Third National Standardization 
Museum of Science and Industry 


Association's 
Conference 


Chicago, 


Institute of Traffic 
Hotel Sherman, 


September 8-11, 1952 
Engineers, Annual Meeting 
Chicago, I 


Canadian Electrical Man 
Sth Annual Meeting, 
Niagara Falls, Ontario 


October 1-3, 1952 
ufacturers Association 
General Brock Hotel 


October 7-9, 1952 Pacific Coast Regional 
Restaurant Convention and Exposition. Bilt 
more Hotel, Los Angeles, Calif 


October 13-17, 1952--Fall General Meeting 
American Institute of Electrical Engineers 
New Orleans, La 


October 20-24, 1952... 40th National Safety 
Congress & Exposition of the National Safety 
Council, Chicago, IN 


Movember 10-13, 1952 —- Nationa! Electrical 
Manufacturers Association, Haddon Hall Ho 
tel, Atlantic City, N. J 


Winter General Meet 
Electrical Engi 


Jannary 19-23, 1953 
ing, American Institute of 
neers, New York, N. ¥ 
March 9-12, 1953 National Electrical Man 
ufacturers Association, Edgewater Beach Ho 
tel, Chicago, 

Week of May 24, 1953-—45th Annual Con 
vention, National Association of Electrical 
Distributors, Stevens Hotel, Chicago, Ill 
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so ¢ fe, you can always obtain 


Task Matched Lighting Installations 


To get all the extra lighting efficiency of the three new T12 Slimline 
Lamps, you need units that are MATCHED TO THE TASK—not substitute 
sizes and types, or a compromise on a “second choice.” You get 
MATCHED TO THE TASK Units when you specify Benjamin “Magna-Flo” 
Fluorescent Lighting Units! 

Like all Benjamin Lighting Systems, the “Magna-Flo” Line 
is complete! It is so complete because, basically, just three channel 


sizes and four types of reflectors form the backbone of an almost 
unlimited system to match any industrial lighting task! A 
High bays or low ceilings, moist or dirty locations, assembly y A 
lines or drafting tables, continuous-line lighting or individual units, ? 
lighting for inspection or mass production—whatever the 
seeing conditions and requirements of the task, you can get 
a “Magna-Flo” System that is MATCHED TO THE TASK 
because it is so complete! Further, in “Magna-Flo” 
Systems you get the most important features for 
sustained lighting performance and simplified 
maintenance, including exclusive Benjamin 
“Springlox”™ Lampholders for “easy-in, 
easy-out™ lamp maintenance. 


Write for Bulletin AD-5705 for 
complete specification data 

on Benjamin “Magna-Flo.” 
Benjamin Electric Mfg. 
Co., Des Plaines, Hl. 
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Continued from page TA 


hewr 


myatify 


nica 


how the 
when 


papers 


could 


they speak or 


Ormond J. Drake, Assistant 
‘hairman of the Department 
und Dramatics of New York 
College of Arte and Pure S&S 
Prof. George R. Sargent told 
ing how to “Humanize the 
Speech”; BE. J. MeAdam, Jr 
of English at the same college 
Writing Visually The 


tit 


thon Dean Drake said he used the word 
‘*humanizing” with “erwel and deliberate 
ntent” because “most technical speeches 


are 
P 


tech 


The 


not human 


of 


haniem 


rof. Sargent 

nical subjects to elarify 
mystify, net to try te tell toe 

ive their listeners “a map.” 


tog 


» the 


e said 


clarify 


write 


“sion 


ommunicen 


vimonished speakers on 


“When we t 


and not 


tech 
Dean and 
of Speech 


University 


ienee, and 
the meet 
Technical 


Professor 
spoke on 


and not 


much and 
Referring 


ke an 


the Twin City Section. 


VISITORS to Minneapolis, the Winnipeg Chapter, LE.S., were entertained by 
Hosts and guests are here shown at dinner meeting. 


mtomotile trip, we like to know wher: 
ve are going and how we are going to 
get there The technical «peech is 
not to be treated as a murder mystery so The use of homely, easily understood Twin City Section Entertains 
lon't be afraid to tell vour listener what anologies to give a picture of what you Winnipeg Chapter 
you intend to do.” A third way to hu are writing about, Prof. McAdam said, 
nanize a technical speech, he said, is to and quoted several newspaper science The Twin City Section of LE.S. were 
irrange “your ideas so that the listener writers who have used this method to hosts at a joint meeting with the Win 
his on to your subject es i 
relation to your subjeet early in clarify difficult subjects nipeg Chapter. Twenty-five members 
the speech.” He also urged that language ; of the Winnipeg Chapter, headed by T. 
be hept ae clmple as aecuracy permit Using visual images and writing with : 
permits ; W. Birt, journeyed to Minneapolis to 
nd to make it conversational imagination means work, he said, “But : : 
: : join in the festivities. A tour of in- 
Prof. MeAdam advised his audience to You will find it a change from the kind 3 : : 
! spection of outstanding lighting instal- 
ep in mind the type of person who wae of writing you do for the technical jour 
. : lations was held during the day. 
ol ape ected paper and not to talk nals, perhaps, and it can be stimulating 
town to him to vou. It may take seme of the drudg Main epeaker at the eventing meeting 
‘ Slaue anage 
Kut don't over estimate his informa ery out of writing ind vou have no was BR. G. Slaver, manager of the appli 
' b warned idea how grateful your publie will be.” eation laboratory, Sylvania Electric 


Products, 


Soeth Pe 
Pa 


South we 


( anadia 


tireat Le 


Southern 


1.E.S. Regional Conferences, 1952 


cific Const 


Northwest 


stern 


Fast Central 


Northea 


stern 


Sir Francis Drake Hotel 


San Francisco, Calif 


Hotel 


Vaneo iver, 


Hotel Tulsa 
Tulsa, Okla 


Her 


itage 


Hotel 


Nashville, Tenn 


Nia 


neral Brock Hotel 
gara Falls, Ont 


Statler Hotel 
(leveland, Ohio 


Webster Hall Hotel 


Pittsburgh, 


Hotel Preston 


Swan 


pacot 


t, Mase 


An 


pare 
March 13-14 
formed 


March 20-21 


April 6-8 


April 20-22 


fessional 


April 50 - May 2 


May 5-6 


rraining 


Couneil 
May 21-23 


neering 


June 19-20 Electric 
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luminescence 


Ending 
Canadian visitors had a chance to com- 


Minnesota Indiana 


engineers 


the two-day 


perican college 


An organized program to aid young 


development 


is being 
Committee 


for Professional 


Under the chairmanship of A. ¢ 
teith, Vice President in charge of Engi- 


und Research, 


Corp. 


ILLU MINATING 


game. 


sponsored 


of 


Pittsburgh, 


(Continued on 


Ine.. who spoke on electro 


activity the 


football with 


their their national version when they 
1 loud cheering section at the 


Young Engineer Training Program 
To Be Sponsored by E.C.P.D. 


engineers in the first five years of pro 


through the 


medium of a network of local commit 
tees made up of established practicing 


the 
Engineers’ 


by 


Development. 
Mon- 


Westinghouse 
Pa., the 


Training Committee presented a 6-point 
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New curved panels of popular ALBA-LITE enhance the clean- 

Interior Styling lined styling of modern interiors. Their long lengths minimize 
the number of visible joints in continuous runs—give rooms that 
smooth new look and freshness. 


niin New Curved Made in open and closed end pieces in lengths up to 48", they 


are adapted to standard fixture construction of both the hinged 


door frame and continuous open trough types. Unlike other ma- 
ALBA-LI ¥ a terials, ALBA-LITE will not sag, warp, discolor or scratch. 


Maintenance costs are minimized cleaning isa matter of seconds. 

The soft opal glass in these new panels diffuses light evenly 
throughout the room, providing fixtures with controlled bright- 
ness and a pleasing appearance both when lighted and when not 
in use. 

Curved ALBA-LITE panels are available through all leading 
fixture manufacturers, many of whom feature ALBA-LITE in 
their fixtures. If you are secking new treatments or new solutions 
to standard lighting problems, send for Bulletin LS-32 and a set 
of Photometric sheets describing ALBA-LITE and other Corning 
engineered lightingware. They are yours for the asking. 


ALBA-LITE is also available in 3 standard patterns 
in flat sizes up to 24” x 100”, or bent to your particu- 
lar specifications. It is adaptable to any type installation 
where color fidelity, high light efficiency, and maximum 
design flexibility are needed. It is ideally suited for 
totally direct lighting in luminous ceilings and recessed 
fixtures, or for semidirect lighting in suspended fixtures. 


_ 
CORNING GLASS WORKS CORNING GLASS WORKS, Dept. 1-2, Corning, N.Y. 


Please send [(] Bulletin describing Curved ALBA-LITE ponels 


VISIT THE NEW CORNING GLASS CENTER @ 
Technical Products Division: Laboratory Gi , Signatware, Glass 


7 


Pipe, Gauge Glasses, Lightingwore, Optical Glass, Gloss Components 
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Every production man knows that good lighting 
often taakes the difference between mediocre work 
slowly done and good work quickly done. But 
improving factory lighting means more than merely 
increasing the footcandles of light intensity .. . 
because too much light or glare can be as harmful 
as too little light. To get best results, plant lighting 
must be both adequate and comfortable. 


That's why more and more plants, like the one 
shown above, are turning to Day-Brite to solve their 
lighting problems. In Day-Brite lighted plants, 
workers can see more clearly without glare or 


shadows . . . and they do better work as a result. 


Day-Brite Lighting Speeds Production...Reduces Spoilage 


And plant management gets better production per 
man, higher employee morale, and far less spoilage. 


This is important, too: Day-Brite lighted plants con- 
sistently have fewer accidents, far better safety 
records than generally found in less adequately 
lighted factories. 


Today, hundreds of factories across the nation use 
only Day-Brite lighting fixtures . . . and get com- 
plete satisfaction. If you have factory lighting 
problems, Day-Brite will help you solve them, with- 
out obligation. Write to Day-Brite Lighting, Inc., 
5432 Bulwer Ave., St. Louis 7, Missouri. 


*The upward component provided through the reflector apertures 
minimizes contrast between the fixture and the surrounding ceiling 
area, adding to the over-all comfort of the ce mple te installation. 


NOW MORE THAN EVER 


AMERICA MUST SEE WHAT IT'S DOING 


IT'S 
fasy ro st 


“DECIDEDLY BETTER™ 


DAY-BRITE. 
Lighting firtars 
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program to aid the yeung engineer in 
the right type of training, of indoctri 
nation, and of self-analysis. 

The program presented examples of 
orientation and in-service training, con 
tinued college education, introduction 
to community service, indoctrination in 
characteristics, responsibilities and 
ethics of the profession leading to ree 
registration, self-ap 


ognition through 


praisal for the purpose of orienting 
personal plans and of selected reading 
for professional and personal growth. 
To implement the program the com 
mittee proposed that an extension di 
rector be employed for the purpose of 
organizing the resources and agencies 
which might help in establishing pro 
grams in a number of chosen communi 
ties. 
to initiate the program. 


Funds are presently being raised 


Six New Sustaining 
Members, !.E.S. 


At the Council Executive meeting held 
in New York January 10, six new Sus 
taining Members were elected. The firms 


approved were: 


Advance Electrical Supply Co. 
2033 W. Madison 
Chicago, 

Official Representative: Lee Butter 
Atlantic City Electrie Co 

1600 Pacific Avenue 
Atlantic City, N. J 
Official Representative: John B. Taylor 
Fullerton Manufacturing Corp 

17 Chestnut Street 
South Norwalk, Conn 
Official Representative Lawson Fullerton 
Harvstone Manufacturing Co 

542 E. 75th St 
Chicago 19, Il 
Official Representative: A. M. Riskind 
Markstone Manufacturing Co 

2460 W. George St 
Chicago, 

Official Representative: Martin Schwartz 
Mitchell Manufacturing Co., Ltd 

19 Waterman Ave 
Toronto 13, Ont 
Official Representative 


Canada 


J. BE. Landers 


1.L.E. Appoints Chairmen 
Of Regional Committees 


Reports from Chairmen of the Regional 
Attendance recently ap 
pointed indicate mounting interest in the 
4th International Lighting Exposition and 
Conference, to be held May 69 at the 
Cleveland Auditerium. According to L. 
J. Rozier, Chairman of the Attendance 
Promotion & Publicity Committee, these 
Regional Committees are enthusiastically 


Committees 


getting under way in 46 cities. Readers 
are urged to contact these committees for 


FEBRUARY 1952 


JOINT MEETING of the Carolinas Chapter, LE.8. and the Carolinas Chapter, 

National Electrical Contractors Association featured Frances Armin of the Ade- 

quate Wiring Bureau as speaker. In the photo above are, left to right, Norman E. 

Tindal, Chairman, Carolinas Chapter of 1.E.8.; Mrs. D. L. Casey; John C. Bolen, 

Governor of the N.E.C.A. Carolinas Chapter; Ralph K. Robinson, Treasurer of 

the N.E.C.A. Carolinas Chapter; Miss Frances Armin; Roy A. Palmer, Director 
of L.E.8.; Mrs. John C. Bolen; D. L. Casey, chapter manager for N.E.C.A. 


information on all phases of the Exposi 
tion and particularly attendance at the 
Each Committee has a supply 
of Advance Tickets 
will give all those interested in attending 
their 


Exposition 
Registration which 
an opportunity to arrange for 
badges in advance and to avoid waiting 
in line. Chairmen appointed are as fol 
lows: 
Reoion 
Atlanta, Georgia 
Marshall L. Whitman 
Birmingham, Alabama 
H. W. Brown, Westinghouse Electric Corp 
Charlotte 
Gordon Wells 


Wakefield Brass Co 


North Cerolina 

Day Brite Lighting, In« 
Weat Virginia 

Wakefield Brass Co 


Huntington 
Charles Robison, Jr., 
Miami, Florida 
Furna E. Lott, Wheeler Reflector Co 
Nashville, Tennessee 
Joe W. Fowler, The Miller Co 
New Orleans, Louisiana 
Hutson Coleock, Wheeler Reflector Co 


EASTERN REGION 


New Jersey 
Day-Brite Lighting, Inc 


Bloom field 

8. FP. Hauser 
Hartford, Connecticut 

Joseph T. Osterby, Benjamin Elec. Mfg Co 
Kenmore, New York 

Herbert C. Zang, Electro Mfg 
Pennsylvania 
Smitheraft Lighting Div 


Corp 
Lancaster 
Oscar Luttringer 
Connecticut 

Harrison, The Miller Company 
New York 
Day- Brite Lighting, Ine 


Meriden 
H. L 

New York 
George Taylor 

Pawtucket, Rhode Island 

Electro Mfg 


C. Inglie Wetmore Corp 
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Philadelphia, Pennaylrania 
J. B. Derr, Electro Mfg 
Pittaburgh 
George Kielty 


Corp 

Mitchell Mfg 
York 

Curtis Lighting, In 


Company 
Rochester, New 
R. A. Siedle 
Stratford 
Frank F 
Syracuse, New 
Frank N 
Washington, D. 
Crawford Maddox 
West Reading 
H. B. Eliiott 
Wilkes Barre, Penneylrania 
Mitchell Davis, Swivelier Co., Inc 


Connecticut 
Brown, Day Brite Lighting, Inc 
York 
Brown, Electro Mfg. Corp 
The Miller Company 


Penneylranta 
Holophane Co., Ine 


Mipwestern Reoion 
Chicago, Illinois 
Jas. R 
Cincinnati, Ohio 
E. J. Wilson 
Cleveland 
Paul R 


Columbus 


Chambers, Benjamin Elec. Mfg. Co 
Curtis Lighting, Ine 

Ohio 
Smith, Mitchell Mfg. Company 
Ohio 
L. Lewis, The Miller Company 
lowa 
Hull 
Michigan 
Dutter, Jr 


Dea Moines 
James H Jones Metal Praoducts Co. 
Detroit 
H. T 
Indianapolis 
T. D. Wilson 
Kansas City 
William B 
Miwaukee, Wieconsin 
Earl H. Aik, Day Brite Lighting 
Minneapolis, Minnesota 
A. J. Fleming, Lighting Products 
Sandusky, Ohio 
Arch Stevenson 


Pittsburgh Reflector Co. 
Indwina 

Wakefield Brass Co 

Miseouri 


Terry, Electro Mfg. Corp 


Wakefield Brass Company 


Continued on page 14A) 
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Springteld, 


St 
Hh. Mory. Garden City Plating & Mfg (« September 8-13, 1952 


Tesas 


Dienver Colored 


‘ i) Belt & leay Brite Laghting 


Lighting Prodecte, 1.E.S. National Technical Conferences 
Edgewater Beach Hotel, Chicago, Ill. 
Weereew Keuton Week of September 14, 1953 Hotel Commodore, New York, N. Y 


Welter J. Hacmmer, Lighting Products, Ie Week of September 12, 1954 Chalfont-Haddon Hall, Atlantie City, N. J. 


leree 


() Reed, Day lighting 
Loe Angeles, Californe text of the article, various absorption 
coefficients are given for an acoustical 
baffle, which is implied to be that manu 
factured by the FP. W. Wakefield Brass 
“W Hennedorf, Smitheraft Lighting Div Company, Vermilion, Ohio. The article 
Portland, Oregon states that the noise reduction coefficient 
Santee, + 0.90 whereas in Bulletin XIII of the 
Hrit chting \coustieal Materials Association, the 
Son ‘ fornia noise reduction coefficient for this manu 
Matt A. Cabot, Day Brit chting, In facturer’s acoustical baffle ia 0.30 
Sy — I would appreciate any comments you 
‘ = ? might have as to the explanation of this 
diserepaney. If the baffle referred to 
yA rs ay Brite Lighting, te was not that manufactured by the au 


ther, he should so state in view of 


the above diserepancy G. Parkes, 


Lighting Engineer, Columbia Electric 


IT SEEMS TO ME and Wanufacturina Co., Spokane, Wash 


Te the Editor 


Norse Reduction Coefficients Mr. Parker's question is a logical one 
To the Editor \nd we have a logical answer! 

In the Nowember 1951 ieue of Tutt It comes about this way. The usual 
MINATING on page 67, test panel at Riverbank Acoustical Lab 
there is an article on “Light and Sound oratory covers 72 square feet of acousti 


\heorption” by T. DD. Wakefield. In the cal panels. Our baffles, in order to cover 


GEORGIA Section members celebrated Christmas at an annual party held in the 
American Legion Restaurant in Atlanta. Attendance numbered over 100, due 
largely to the efforts of the party committee, headed by John T. Chambers, 
Georgia Power Co. Other members of the committee, shown holding some of the 
awards made at the party, included, left to right, Ernest Boynton, Electric Supply 
Co.; Walter C. Fink, Jr. Senior Fluorescent, Inc.; Clarence D. Holland, Electric 
Sales & Service Co., chairman of entertainment; Oren M. Ruff, Jr., Ruff & Cannon. 
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this area as normally installed, would 
take three eight foot baffles. Since the 
baffles are six inches deep but extend on 
both sides, we have a square fuot of ab 
sorption per foot of baffle, or 24 square 
feet. The absorption for the baffle is .90 
per lineal foot of baffle, but if this ab 
sorption is spread over 72 square feet, we 
get only a third, namely 0.30 

This is a technical question which came 
up before the Technical Committee of the 
Acoustical Materials Association. There 
was much discussion pro and con as to 
how it should be listed. The Acoustical 
Materials Association is made up of 
members primarily manufacturing acous 
tieal tile. A suspended acoustical baffle 
is quite new to them and its method of 
listing has caused a major revision for 
the next issue of the bulletin 

In our own publication “The Wakefield 
Ceiling,” we list the coefficient of noise 
reduction two Ways: (1 for the square 
foot of ceiling area and (2) per square 
foot of acoustical haffe. Thus you can 
see that either 0.30 or 0.90 is correct 
depending upon the area to which it is 
applied T. D. Wakerietp, Viee-Pres 
dent, The F. W. Wakefield Brass Co., 
Vermilion, Ohio 


BOOKS AND PAMPHLETS 


Books 
avaiable for inspection at Headquarters 


whose reviews are marked * are 


Office, Technical Department 
“Introduction to Lighting by How 


ard Sharp, published 1951 by Prentice 
Hall, New York; 346 5% x 
inch pages, 207 illustrations, 70 tables; 
price $6.65 


This 


duction to lighting” somewhat more 


volume is an excellent “intro 


simplified and easier to read. In the 
words of the author: “The approach is 
from the viewpoint of the practicing 
engineer. The underlying concepts are 
clearly developed and coordinated, 
using both simple mathematics and gev- 
metric solids to convey a physical im- 
pression of these concepts and, where 
applicable, the caleulus as well, to pre 
pare the student for more advanced 


Continued on page 164A) 
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HOW BALLASTS CONTRIBUTE 


BETTER FLUORESCENT LIGHTING 


FREE! story 


Meet a young lady you 
should get to know— 
Fluorescent Ballast 
(“Flora” for short). Says 
Flora: 

“If you haven't met me 
before, that’s because they 
keep me backstage out of 
sight and let the lamps 
take all the bows. I don't 
mind because, as you'll soon see, the lamps couldn't 
perform at all without my help. 

“My name comes from what I do. My main job is 
to keep fluorescent light steady . . . on an even keel 

. something like the ‘ballast’ in a ship. I stabilize 
the flow of electricity through the lamp. . .” 

And so Flora tells her story in simple, easy-to- 
understand language. In addition to explanations of 
fluorescent lighting itself, the booklet contains simple 
explanations of various ballast circuits and the advan- 
tages and disadvantages of each. From the simplest 
resistance ballasting to automatic starters, up through 


two-lamp ballasts, instant-starting lamps, series opera- 
tion with sequence starting and, finally, trigger-start 
ballasts—all are carefully described. 

To find out how good ballasts save you money, and 
why they are vital to fluorescent lighting, fill out the 
coupon and send it in. You'll receive your copy of 
“Fluorescent Ballast Tells Her Story” immediately. 


General Electric Co., Sect. D0 412 95, 
Schenectady 5, New York 


Gentiomen: Please send me FREE copy of your booklet, 
GEA-5731, ‘‘Fivorescent Ballast Tells Her Story."" 


Name 
Company 
Street 
City 
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ontinued from page 14A power distribution curves; coefficients psychophysical relations. The material 


of utilization; principles of lighting de is presented in the author's usual ana 
~s and schools; fac lytieal and comprehensible manner. 


study. Well aware of the difficulty en 


sign; Visoon,; offie 


ountered by students in relating the 
acepte to actual tories; stores; specialized techniques Topics treated inelude Photometric 
ast sathems concep o 
spplieation practice, the author has et floodlighting, cove lighting, and down Procedure, the Luminosity Curve of 
plies on prac ‘ u ae 

i 1 first to make the fundamer lighting; and lighting cost analysis. the Eye, Heterochromatic Photometry, 
, r and th to emphasiz . The author is a consulting engineer, Photometry at Low Illuminations, the 
sie clea n nen vhasize con 

Assistant Professor of Engineering at Photometry of Small Sources and the 


stantly those fundamentals as they 


the University of Buffalo, and a Past Photometry of Flashing Light Sources. 
President of the Illuminating Engineer This text should be very helpful to both 
the student and practitioner. 


appear in application techniques 


“The production, eontrol, and mea 


ing Society 


surement of light as a scientific tool is 


ret explained and then across the 
@ « the atios *Photometry and the Eye by W. The Seventh Edition of the National 
Poy Wright, published by Hatton Press, Ltd. Electrical Code Handbook, by Arthur 


ght is developed into lighting The 
lo for & London, 1049; 127 44% x 7% inch pages, L. Abbott published by the MeGraw Hill 
curse, or portions of it may be utilized 10 illustrations; price $2.00 Beek Co., 330 W. 42nd St., New York 18, 
for industry training programs. Prob The six chapters of this book corre N. Y., is available at a price of $6.00. 
lems based apon actual situations are spond to a series of six lectures given by The Handbok is a systematic rear- 
provided liberally, along with extensive the author at the Imperial College of rangement of Code matter with detailed 
2 luminaire photometric data.” Science and Technology in London. They explanations of special problems and 
: Chapter headings include nomencla include discussions of some of the most their applications. The first three see 
ture: basie concepts; electric lamps; elementary as well as some of the more tions take up (1) Definitions and Gen 
: ballasts, transformers, and starters complex concepts in photometry. The eral Provisions; (2) Approved Types of 
control of light; luminaires; measure author has made a special point of dis Wiring and Voltage Limitations; (3) 
ments of light and lighting; candle tinguishing between physical units and (Continued on page 18A) 


Installations to See When You Visit Maine 


Installation Address Interesting Feature 
: Ihlliogham & Sons 62 Spring, Auburn Fluorescent and ineandescent—cold eathode cove on dimmer. 
, St. Louis Charch Dunn St., New Auburn Incandescent, direct and indirect. X-ray units. 
First National Granite Bank Augusta Low brightness fluorescent. 
Depositors Trust Co Augusta Custom-built fluorescent. 
State Highway Dept State House, Augusta Indirect fluorescent. 
Central Maine Power Co Augusta Fluorescent and incandescent — louvered ceiling. 
Rath Savings Institution Rath Fluorescent. 
Grammar Schoo! Bingham Fluorescent 40-60 units. 
i Bowdoin College Brunswick Fluorescent. 
f Dower Motor Co Dover Foxeroft Fluorescent louvered units with luminous plastic sides. 
} | Gardiner Sehools Gardiner Fluorescent lighting in all schools. 
Methodist Chure! Gardiner Fluorescent and incandescent — custom-built recessed panels. 
- Central Maine Power Co 134 Main, Lewiston Custom built fluorescent and incandescent. 
Paradis & LeBlanc Lisbon St., Lewiston Fluorescent with incandescent corner boxes. 
Maine Central Institute Pittstield Fluorescent louvers. 


Poland Community Church Poland Recessed direet, cove and wall urn indireet—all on dimmers 
and silent switches. Three picture windows lighted from 
exterior. 

Rockland South School Rockland Aluminum 2-lamp fluorescent troffers. 


Central School Thomaston Fluorescent 40-60 units with low brightness T17 lamps. 
Redington Furniture Watervill Recessed fluorescent. 

Tardiff Jewelry Waterville Fluorescent lighting. 

All grammar schools South Portland Fluorescent lighting and planned painting. 

King Junior High 02 Deering, Portland Fluorescent lighting in new school. 

Ricker Bldg ‘0 Forest, Portland Fluorescent office lighting. 


Eastland Hotel 157 High, Portland Fluorescent 40-watt T17 low brightness lamps for office. 
Chapman Arcade 477 Congress, Portland Fluorescent skylighting. 

First Free Baptist Churet S73 Sawyer, 8. Portland Incandescent church lighting 

Cortell Segal Co °3 Hammond, Bangor Recessed incandescent and fluorescent wall case. 

Allan Lewis Co IS] Exchange, Bangor Fluorescent and incandescent. 

W. T. Grant Co 6 Central, Bangor Fluorescent and incandescent. 

Schools Bangor, N. E. Harbor, Fluorescent and incandescent. 


Brewer, Millinoeket 


Data compiled by 1! representatives of Augusta, Bangor and Portland, Maine. 
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The Silvray 1500 Line — standerd for schools, offices, and libraries and other locations having — 
critical lighting requirements. When used with silvered-bow! lamps, light distribution is totolly — 
indirect. Easy-to-maintain 1500 Line units are available in sizes from 150 to 1000 watts. ; 


319° California schools install 


Silvray silvered-bowl lamp fixtures, 


In California alone, 319 schools have installed Silvray 
silvered-bow] lighting units in the past 18 months .. . 
while, throughout the nation, Silvray units are being 
specified wherever efficient, eye-conserving lighting is 
required. 

Silvray installations are characteristically free from 
eye-torturing glare — both direct and reflected. Largely 
responsible for the visual comfort afforded by Silvray 
luminaires is their use of silvered-bowl incandescent 
lamps. Functioning as both a light-source and light- 
control element, they collect and direct light to the ceil- 
ing making it the primary source of diffused light. The 


} 


resulting indirect light minimizes shadows and reflected _ 


images .. . permits certified efficiencies of 80 - 90% 
Yet, a Silvray installation is within reach of every 
school building budget. In fact, Silvray equipment 


because of its low initial cost, maintained efficiency of - 


light-output and simplified maintenance — is often” 
lower in overall expense than other lighting systems. 


*A partial count of Silvray — and Silvray-licensee — 


installations made in California schools during the past 
18 months. Names will be sent to you upon request. 


Send for complete details — mali this coupon, today. 


SILVRAY Lighting, Inc. 104 west moin St, Bound Brook, N. J. 


Gentlemen: 
Please send me further information on Silvray indirect lighting units. | om por- 
ticularly interested in lighting for: 


ALWAYS... 
the best in lighting 


offices 


Smoot-Holman, Inc. of Inglewood, Cal. — west coast licensee. 
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Continued from page 


Installations of Materials and Apparatus 


Section 4 is on General Requirements for 


Wiring Installations, Special installa 
tions and equipment are treated in See 

tien Section 6 covers standards for 
wiring materials and equipment based 


on the Standards of Underwriters’ Lal 
oratories, Ine It also contains tables 


and working data scattered throughout 


the Code itself. The book has 652 pages 
is illustrated 

CBSA Specification C10-1951 Large 
Incandescent Tungsten Lamps Third 


Edition available from the Canadian 


Standards Association, Ns Research 


details 


tuilding, Ottawa at 61.75 each 
standards and definitions pertaimimng to 
large incandescent tungsten lamps, their 
characteristics 


physiea and = electrical 


the tolerances permissible their 


nepection and testing 


New Light on Your Favorite Subject, 


in the tith of a new educational sound 
slide film in color, announced by the 
Lamp Division, General Eleetrie Co 
Nela Park The presentation, said to 
feature the correet principles of home 


ghting proper relation to various 


types of residential furniture consists 
f =4 frames appearing at an average 
te f one pieture per ten seconds. En 
fertaining explanations give screntifie 
data on light and sight in simple terms 
The entire presentation takes less than 
fourteen minutes 
Sponsored by General Electric's Lamy 
in cooperation with the National 


Retail Purniture Association the film wi 


lietributed throughout that Asse 


tien for aale« training purposes. Tt wil 
ao mad uvailable te eleetrie util 
ties, trad ne consumer groups 


formation o the JH I 
fucrescent mereury lamp is given in a 

w 4-page booklet, A-6007, from West 
Fleetrie Cory Lamp Division 
Hioomfield, N. J. In addition to a physi 
eal deseription of the ump, the booklet 
provides recommendations as to where 


the JU is best Comparisons 


uppled 
with other light sources and tables of 
technical and transformer data are alse 
given 

Tee.Vee, an page 


‘comic book 


Listen to Mr 


educational pamphiet in 


atwle stressing the benefits of proper 
lighting while watehing television bas 
produced by the Television Commit 
tee of the Edison Electric Institut. In 


vidition te proper lighting and proper 


viewing distance, the booklet contains a 


full page showing interference patterns 


whieh do not require a service call to 


TELECAST 
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eliminate. The booklet is available from 
Edison Hlectric Institute for $2.00 per 


100 copies in minimum lots of 100, with 


an additional 10 per cent for non mem 
Orders should be 
New York 


bers of the Institute 
sent to 420 Lexington Avenue 
17, N. ¥ 


Meter Socket Selector, |ooklet B5284, 
available from the Westinghouse Elec 
trie Corp., Box 2099, Pittsburgh 30, Pa., 
gives information to help in choosing the 
proper type meter socket. Cireuit closing 
provision, terminals, service disconnects, 


and ordering are also covered 


Information on “how to select” elee 
trical measuring imstruments is provided 
booklet, 
Eleetrie Corp., 


in a 30 page available 


from the Westinghouse 
Rox 2000, Pittsburgh 30, Pa. Seven basic 
selection factors are explained; types of 
instruments available in each major clas 
sieation are listed on a full page check 
ehart; and four typical selection prob 
lems are solved. Complete lines of port 
ible, switehboard, panel, recording and 
ket 
illustrated and funetions of each are ex 


instruments are deseribed and 


plained 


A new booklet covering the subject of 
higher voltage wiring for office buildings 
with the fluorescent lighting controlled 
hy low voltage remote controlled switches, 
has been published by the Construction 
Electric 


The important 


Materials Division of General 


Co., Bridgeport Conn 
phases of this new application of higher 
voltage are all covered in the booklet, 
neluding a discussion of the savings of 
installed cost of equipment and wiring 
savings of critical 


und the important 


materini« that are effeeted by use of this 


evetem 


NEW MEMBERS 


At the meeting of the Council Exeeu 
tive Committee held in New York City 
on January 10, 1952, the following were 


eleeted to membership 


CHAPTER 


Member 


Kiger Glenn City of Phoenix, Phoenix, Ariz 


Herrisn Cont 


K J MeRae Co. Led Von 


Member 
Kirkpatrick 
Charlotte ¢ 


M tieneral Fleetric Co 
CON NOTION 
Members 
German, W 
Hartford Conn 


Hartford Electric Light Ce 


Lighting News of Current Interest 


Wilder, Bolten, Court Butler Lig. Ine. Meri 


Ferguson, L. J.. Albert Kahn, Windsor Locks, 
(enn 
Plimpton, H. P 


Haven, Conn 


General Electric Co. New 


CORNHUSKER (HAPTER 


Member 
Johnson M 
Columbus, Neb 


Consumers Public Power 


PASTERN PRNNSSYLVANIA CHAPTER 
Members 


Brown, ©. R.. Lehigh Electrical Supply Co 
Rethlehem, Pa 


James, Richard, Sylvania Flectric Prod 
ucts Inc. Philadelphia, Pa 

Pfeifer ©. Jno FE. Graybill & Co. York 
Pa 


Fioema CHAPTER 
Associate Member 
Woodhead, F. A 
Corp. Tampa, Fla 


General Electric Supply 
SECTION 
Associate Member 
Kimbrough, T F Jr 
Hunteville, Alo 


Redstone Arsena! 


HeaRT OF AMERICA SecTION 
Associate Member 
Carmichael, T H.. Sheffield, Murray Electric 
Co, Kansas City, Mo 
INDIANA SRoTION 
Avsociate Member 
Mott, K. N.. Municipal Electric Light & Power 
Plant. Richmond, Ind 
lowa Section 
Member 
Stevenson, Db. Jr 
Moines, la 
Associate Member 


Stevenson & Pulley, 


Welton, 3533 Grand Des Moines 
Ie 
MAKYLAND SECTION 
Associate Member 
Allen, P. K., General Electric Co., Baltimore 
Md 


Mexico CHAPTER 
Associate Member 
Aguirre, J.. Constructora Electrica, A. de 
Cc. V., Mexico, D. F 
MICHIGAN SECTION 
Member 
Parks, J. T 
N.Y 


Holophane Co. Inc... New York, 


MILWAUKER 
Members 
Detireot, Al, Al De Groot Ine. 
W ine 
Petrold, G. D 
Racine, Wise 
Reynen. W 
Bay, Wise 


Green Bay 


Wisconsin Electric Power Co 
Morley Murphy Co, Green 


MONTREAL 


Member 
Thompson, FP. Northern Electric Co, Mon 
treal, Que 
New Spction 
Member 


Quintiliani, Edmand, Wheeler Reflector Co., 
Boston, Mase 
Members 
Connell, J. V Sylvania Electric Prodacts 

Ine Salem. Mass 
Krenn, J. M.. Sylvania Electric Products Inc., 
Salem, 
La Pelle, W. B.. Sylvania Electric Products 
Inc, Salem, Mass 
Smith, H. E.. Wyman Gorden Co 


Worcester, 


New OR8LBANS Section 
Associate Member 
Mahs, Geo. Jr. 

le 


EACO, New Orleans, 


(Continued on page 
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@ COOLER OPERATION 


Only SOLA Ballasts have the patented ventilated 
capacitor compartment. The temperature rise on 
the condenser of the SOLA Sequenstart’ Ballast 
608-407, for example, is only 18°C. This excep- 
tionally low temperature is due to the insulating 
action of the ventilated capacitor compartment 
which isolates the core structure and capacitor 
with a buffer of circulating air Cooler operation 
greatly prolongs ballast life by practically elimi- 
noting capacitor failures. 


i. 
C RADIO INTERFERENCE CONDENSER 


© CONSTANT LIGHT OUTPUT 


Only SOLA Ballasts have the patented constant 
wattage resonant circuit. Light output will not vary 
with line voltage fluctuctions when fluorescent 
lu are equipped with SOLA Constant 
Wattage Ballasts. They deliver a constant supply 
of energy to the lamps within +1.5% regardless 
of line voltage variations from 100-130 volts. This 
exclusive SOLA constant wattage characteristic 
is based on the f P d SOLA C t 
Voltage Principle. 
PRImaRy ¥ 


PERCENTAGE 


“Made under one of 
more of the following 
patents 2.143.745; 
2,212,198, 2.346.621 
and patents pending. 


A folder is available tabulating the foll uviqrmation 
Lamp Ballasts: LAMP size, current and BALLAGT 
age loss, and dimensions; and operati oe volioges. Yoo write 
for a copy. Request Bulletin C-PFL-144. ; 


4 


Transformers for: Constant Voltage * Fluorescent Lighting * Cold Co 
‘Oil Burner ignition © X-Ray * Power © Controls * Signal Systems © etc. © 
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New, but tested and proved! The Station Master makes sales z-0-0-om to fantastic new highs! 
Specifically designed to deliver high intensity of light at the selling zone, without creating a barrier 
of glare. Provides truly inviting lighting for the motorist, and reduces service-time per car. 
The Station Master is Leader's answer to the need for modern glare-free lighting and efficient island illumination. 


No station is too small—or too large—to be deprived of Station Master sales-stimulating illumination. 


AVAILABLE IN SIZES OF FOUR — EIGHT — OR SIXTEEN FEET 


- 


WY, Sold and installed by the better electrical dealers and contractors 


LEADER ELECTRIC COMPANY * 3500 North Kedzie Avenue * Chicago 18, Illinois 
Leader Electric—Western: 800 One Hundredth Avenue, Oakland 3, California 
Campbell-Leader, Ltd.; Brantford, Ontario, Canada 
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Cut costs for your customers with 


G-E WATCH DOG’ STARTERS 


When you specify no blink G-E Watch Dog starters, you 
protect your recommendations by cutting costs for your 


customers for years to come. 


Give every recommendation this low-cost extra for more 


comfortable seeing—for customer savings. 


specify fixtures that display the Watch Dog tag 


Many manufacturers are pointing out Watch Dog 
starters and the famous red reset button with the 
Watch Dog tag. Look for it when you buy. 

Section Q12-287, Construction Materials Division, 
General Electric Company, Bridgeport 2, Conn. 


*Registered Trade-mark: of General Eleetr.e Company 
Gow can pour confidence n— 
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EXTRA 
STARTER LIFE— 


Because Watch Dogs 
turn lamps OFF when 
aging makes them blink, © 
Watch Dogs give as 
much as ‘ive times the 
service offered by ordi- 
nary starters. 
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ART METAL 


has developed a lot of new ideas in 
INCANDESCENT LIGHTING 


NOD 3 


NY 
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ot Eg nee! 
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. On pages like this, beginning 
q ‘ March Ist ren new categories a 
7 of products that will set new 
standards will be released: 
| write for these new releases and 4 
leather hound catalog, 
INCANDESCENT 
| UNIFIED LIGHTING 
Unified in Desi" Characteristics 
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For visual signals, for controlled distribution of light, for colored 
floodlighting effects, for intense concentration of light in beams or 
for uniform coverage of limited areas, Kopp lenses, color filters or 
roundels give the control and modification desired. Whether it be a 
traffic signal lens designed to concentrate the beam in the area 
where it is most easily perceived by motorists, or an indicator 
light to warn a housewife that one of her appliances is in operation 

Kopp engineers can develop the most effective design, and Kopp 
craftsmen produce parts that are accurately made and dependably 
uniform in color, dimensions and transmission value. 

Our well-staffed, modernly-equipped laboratory is prepared to 
study your requirements and develop designs that will meet your 


most exacting specifications. 


KOPP GLASS, Inc. 


SWISSVALE, PA. 
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e to advanced 


JEFFERSON 
254-511 BALLAST 
for Series Operation of Two 96T12 Lamps 430MA 


@ Specialists for over 35 years in the design and manufacture of trans- 

formers and ballasts, Jefferson engineering design, research, and experi- 
ee ae mental work has been constantly directed to achieve the highest uniform 
lamp, —block and blue to the other quality. Equally important are Jefferson's facilities and skills gained 
through long experience in making superior electrical products. 

The new Jefferson Series Sequence Ballast meets all requirements of 
the proposed American Standard Association Test Specification C82.1. 
It is cooler operating, delivers full rated wattage to the lamps with low 
watt loss, operates with no objectionable hum, and assures full brilliancy 
from both lamps. Positive starting is provided at voltages as low as 
106 volts—with no detrimental effect on lamp life. 


4 JEFFERSON ELECTRIC COMPANY Bellwood, Illinois 


in Canede: Conedion Jefferson Electric Co, 384 Pape Ave., Toronto, Ont. 
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USE CUT-OUT Lamp 
HOLDERS ON LINE SIDE 
: 


... and usually they're unpredictable. 3ut you can 

always predict how a Gruber fixture will perform 

... because every unit is backed by reliability. It's the reliability 
that comes from constant checking . . . of construction ... of finish ... 
of wiring. It's the reliability that comes from using heavy gauge 
metal ... the finest electrical components . . . phosphortized 
undercoat... high baked finish. And you'll realize the importance 
of this reliability when you find how low maintenance costs 

will be when Gruber fixtures are used. On your next job 

.. specify GRUBER with confidence ... and be sure. 


© Ask about our Lighting Design Layout Service. 


© Write TODAY for your personal copy of the 
complete 3G Catalog. 


Street, Brooklyn 11, N. 


FEBRUARY 1952 


Wis 
; 
j 
4 
batt 
4 
fo 
= 
an 
4 
q 
designers ar F 
125South First 
= 
: 
* 4 


There is a difference 
in fluorescent lamps 


HE ends of these fluorescent lamps are aluminum. Rough handling doesn’t crack them. 
“~~ can’t shrink them enough to make them crack the glass tube. They can be heated 
hot enough to make a tighter seal. They eliminate one reason why fluorescent lamps some- 
times fail before they should. They’re on G-E lamps, of course. This is one of many basic 
differences that make General Electric your customers’ best buy in fluorescent lamps. 


You can put your confidence in— 
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This is one... found in G-E lamps, of course! : 
| 

| 
2 

J é 
26A 

bal 


piveTeo 8 Times 
QUIET 


Completely protected 
vibration and bal- 


Aovance 
TRANSFORMER 


1122 W. CATALPA AVE., CHICAGO 40, hy U.S.A. 
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You can’t eliminate rivets on a bridge 
without weakening the structure. Ad- 
vance rivets Fluorescent Ballast cores to 
insure “Bridge-Type” construction, for a 
longer life . . . and a quiet one. 
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2800 -squore-foot PLEXIGLAS luminous ceiling in 
Rohm & Hoos Company Engineering Building, Bristol, 
Po. Corrugoted white translucent PLEXIGLAS 
mounted wall-to-woll below continvous 
fivorescent lamps Upper window glazing is corry- 
goted groy PLEXIGLAS, for prevention of sky glore 


ENVIRONMENTAL LIGHTING... 
With a PLEXIGLAS Luminous Ceiling 


For environmental room lighting, the whole field of Pexic.as acrylic plastic offers other advantages as 
view must be in brightness balance ... as in this a diffusing medium. Because it is rigid, light in 
drafting room with its PLexicLas luminous ceiling. weight, and strong, PLexiGLas can be handled easily 
and safely during installation, cleaning, and relam 
The surface brightnesses of the ceiling, the walls, ing operations. And because it is highly resistant A 
and the window areas of this room are less than breakage and discoloration, it gives long, low-main- 
three times as bright as the paper on the drawing 
boards. Note how these surfaces produce a field of 


tenance service. 


If you have a lighting problem, investigate environ- 
mental lighting with a PLexicias luminous ceiling. 
; ‘e'll be glad to send you full technical details about 
An average illumination of 118 footeandles is pro- the insteliation chown cheve. Welte fer them. 


vided through the PLexicias diffusing panels, with- 
out objectionable direct glare from the large-area CHEMICALS fl FOR INDUSTRY 


uniform brightness in which there are no eye- 
fatiguing light-to-dark contrasts. 


ceiling surface. 


trade-mark, Reg U S Pat Off and im principal forngn countries. 
Canadian Detributor Crystal Claw & Plasties, Led 190 Queen's Quay at Jarvis PA Vv 


Sereet, Toronto, Ontarve, Canada 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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mitchell lighting 


Commercial 

Fluorescent Lighting 
More than 70 superb Commercial 
luminoires, described in detoil— 
for quick, tailored-to-the-job 
specification. 


Lighting for industry 
You'll find it easy to specify for 
ony industrial installation. Choose 
from 82 Dynolite Job-Rated units 


Where Quality Counts— | 
SPECIFY MITCHELL! 


These MITCHEK catalogs present complete construction 
and performance details in clear, uniform, quick-reference 
style You get application dota, specifications, feotures, 
dimensions, curves for every model —for quick, proper 
specification and installation planning 


Mitchell Manufacturing Company, Dept. 38 
2525 WN. Clybourn Ave., Chicago 14, Ill. 
Please send Commercial and Industrial Lighting Catalogs. 


Name 


MITCHELL 
Manufacturing 


Chicago 14, Iilinols 
in Canada Mitchell Mtg Co Ltd 19 


Zone ——_Stote ___ 


FEBRUARY 1952 


: 
+ 
easiest to speci 
save time, specify properly for every lighting need with these 2 data-packed catalogs o 
| 
| 
Quality is not just o word ZEEE 
it is on important tangible that, ¢ 
MITCHELL lighting unit. Th 
tile enci “fix 
superbly engineered fixtures 
Built to the most exacting 
Where guality with sensible 
be si re — specify MITC 
29A 


wor | 


Factory. 
Lighting 


Here itt 1s — the new LiTeCONTROL 
Industrial Unit that provides “white 
collar lighting for shop coat areas.” 
Minimum waste light... maximum 
lighting efficiency — This unit, em- 
ploying general diffuse design, pro- 
vides vent areas at the root of the 
hood. Light ts not “trapped” and 
thereby wasted as in older hood 
types, but instead 1s reflected through 
the vent to the ceiling and thence 
again to the working area where it is 
needed 

Sturdy construction... durably fin- 
ished The all-metal heavy gauge 
bonderized steel construction pro- 


with this NEW 


Litecontrol 


industrial Fixture 


Maintenance minimized . . . mount- 
ing simplified — There's no mainte- 
nance worry with this LrreCONTROL 
advance design. Lamps and starters 
can be easily replaced without dis- 
curbing baffles. Smooth curved sides 
can be wiped clean without cloth- 
snagging ... no inaccessible dust cor- 
ners. Diffuse design also helps keep 
interior of fixture clean through con- 
vection currents and overhead “escape 
hatch” for dust. 

Mounting, too, is easy. Suspension 
mounting is recommended i peak 


formance, but provision is made 
tor other methods where preferred 
OF necessary. 
Consult your lighting specialist .. . 
and write for Be booklet today — 
A consultation with your lighting 
advisor ... or with your nearby Lite- 
CONTROL Representative will save 
you time, money and trouble. If you 
are planning on new lighting for 
your factory, call on him today .. . and 
write today for your free copy of our 
new booklet: “ Industrial Fluorescent 
Lighting by LirECONTROL.” 


vides structural rigidity. And the 

LiTeCONTROL double-coated white LITECONTIROIL SFixtuves 
hnish is guaranteed not to chip, fade KEEP UPKEEP DOWN 
or discolor LITECONTROL CORPORATION, 3% Pleasant Street, Watertown 72, Massachusetts 


OESIGNEFS ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT OISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 


SOA ILLUMINATING ENGINEERING 


| 
Comes | 
orAge 
’ 
he 
> > 


Continued from page 154 


New 
Member 
H.G 


Silvray Lighting Ine. New York 


M. Morton Glatt, Yonkers 


Graham New 
York, N.Y 

Hoffman Herbert 
York, 


Syska & Hennessy, Inc 


CondiLite Corp New 


CALIFORNIA Section 


Members 

Levers, W. H 
San Francisco, Calif 

Malayan, Ara. Rogers 
Francisco, Calif 

esociate Mewher 

Lind, V. H., Pacific Gas & Electric Co 

Calf 


Standard Oil Co. of Calif 


Engineering Co San 


Jose 
OREGON Section 

Member 

Webster, J. D 


Portland, (re 


Pacific Power & Light 


PHILADELPHIA SROTION 
Member 
Moss, H. 
ton, Del 
Members 
Pyecroft A 
Philadelphia, Pa 
Spiegelman, Edmond, Metalcraft 
In Philadelphia, Pa 
Stevens, J. F Egely Furlow Engine s 
delphia, Pa 


Washington Wilming 


Philadelphia Electric Co 


Products Co 


Phila 


Puerr Sounp S8cTion 


Member 


Bollong, J. W.. City of Seattle, Seattle. Wash 


FEBRUARY 1952 


Associate Member 
Bariogi, G. R., 
Inc., Seattle, 


Sylvania Elect 


Wash 
St. Lovurs Srorrox 
Associate Member 
Zurheiden, C. H., Fruin 
Co., St. Louis 3, Meo 


Colnon 


San Jacinto Srorto~ 


cute Membera 

Mrs. Kay 
Texas 
‘ Worth 
Texas 
Worth 
Texas 


Electric 
Houston 
Miver, P. J 
Houston 


Flectri 


SOUTHERN CALIFORNIA SE 


vate Members 
Harney 
Calif 


Kershbergen, J 


Los Angeles 
Benjamin F 

Calif 
Cogerty 


Angeles 
Lewin, H. 8. H. I 
geles, Calif 
Levy, A. H 
geles, Calif 
Frank, L. J 


Co, Les 


Raby Lighting 


Steiner Segil Co 
Calif 
SOUTHWESTERN 
Members 
Graham, C. D., Delta Electrix 
Texas 
Montgomery J M 


Amarillo, Texas 


TexNessem VALLEY 


Member 

Dvik, David, 102 E. Sth St 
Tenn 

Cooper, H. F., III 

Associate Member 
Co., Chicago, 


AT SUNBERM,T 


Worth Elec 


DeRamuas & 


Org Los An 


Corp 


Service 


Barfield 


National Chemical & Mfg 


Student Members 
Brown, C. A 
Memphis, Tenn 
Garbel, Burton, Southern 
etry, Memphis, Teno 
McCord, J. L, Jr 
tometry, Memphis 
Miller, B. O., Southern 
Memphis, Tenn 
Schandler, Joseph 
Memphis 


ric Products 


Contracting Tenn 


etry Tena 
tri Supply 
TokonTo 

Supply Co Members 
Dorward, F. BR 

Co, Terento 
Morley, J. M 

Ltd, Terento, Ont 
Packham, J. L., Canadian 

Ce, Ltd., Terente, Ont 
Townsend, J Wy 
Toronto, Ont 


Canadian 
Supply Co Ont 
OTION 


Associates 
Commission 
lectric Mig 
Twin Crry 
Member 
Matthies, L 
Minn 
Members 
Davis, H. 8 Electrical 
Minneapolis, Minn 
Morrison, T. H A 
Cre 


Solbert 
Los Ar 


Los Angeles 


Dallas Schmidt 
‘ Minneapolis 15. Minn 
Talbot, P Fiemming & 


Bide 
neapolis, Minn 


Member 

Osborne, H 
N.Y 

Associate Member 

Livewies, I kK 
Buffalo, N.Y 


Chattanooga 


HE DESICNIS THE THING. ... 


ROOM INDEX"A COEE/UTIL OF 45 
MAX BRIGHTNESS « 90 C/SQ INCH 
DISTRIBUTION « 75% - 25% 

3-40W FLUOR./ 48 ONDE” SLIMLINE, 
200 OK 430 MILLIAMPS 

LOW CEILING/FIATURE CONTRAST 


College of 


Section 


General 


Canadian General 


Toronto 


atthies 


Jobbers 


Westinghouse Electric 


Associates 


Buffalo 


General 


Southern College of Optometry 


Optom 


Seuthern College of Op 
College of Optometry, 


Southern College of Optom 


Electric 


Ele trie Co 


General Electric 


Transportation 


SECTION 


Duluth, 


Equipment 


Roosevelt Co.. La 


Supply 


Min 


New York 


Buffalo, 


Electric Co., 


INDIRECT PEND ANT. WT_UNIT 


1270 


THE PROPERTY OF THE SUNBEAM LIGHTING CO 


i 
N.Y 
4a Assocwte Members 
A 
Epst 
i 
A 
EA 
Asso 
Cole 
4 San 
Co 
— 
. 
AR 
} 
— = *) is 
af 
31A 
4 


al 


NOW ... 


’ 


In Smaller 
Than Ever Before - - 


All the Advantages 
of T12 SLIMLINE! 


| MINIMUM REQUIREMENTS— 


VALANCE 


Spaces 


1 ength 
346 an row 
andard ar t 
on 
tt | 
A renera | 


Principles of 
terior Lighting 
titumieation 
culstions and De 
sien 

Light and 
Application 
Lighting 
Practices 

Lignting fer Sports 
and Reereati 


Principles of Street 
and Mighway Light 

Lighting Streets, 
Highways, and 
oy 


Just Published— 3rd Edition 


LIGHT, 
PHOTOMETRY, AND 
ILLUMINATING 
ENGINEERING 


By William E. Barrows 


—~ 
Fine Fiec. Engineering, Univ. of Maine 
CONTENTS ard Ed, 415 pages, 342 illus, $7.50 
Light and Vistew 
Phetemetric Stead ; 4 A. 
ards, Unit Nom covers 
ais with he henemenon of 
« percept by the eve It de 
5 isles. esign methods re 
meters ating signing minating systems are 
6 Photometric Meas. r t t 
urements and tite. e 
mination Surveys signing lighting 
Lignt.@ Cateule eet ahways 
jens on Spherical 
Preotometry 


Ste THIS BOOK 10 DAYS FREEP 
MeGree Hil Geek Co, 330 WwW. 42, wYC 


ano” ENGINEERING for ten 


We pay for livery 
re privilege.) 

Nav 
Ad 
‘ Stat 

moe 
This offer applies te U.S. 

. 


LIGHTING 


Provide full rated watt eviput necessary ter proper fiversscont lamp per- 
end brill ation of “strobe” effect, quiet operation. 


Specity, Acme Electric ballests when 
ordering replacements from your dealer 


ACME ELECTRIC CORPORATION 
292 WaAreR STREET CUBA, NEW YORK 


THE WAY OF ALL LIGHTING 
Huores-o- Lite 


FIXTURES 
BEST KNOWN MOST WANTED 
for 
res, offices, showrooms. schools, 
other uses 


Industry. st 
and many 


Auth 


shel 


rized manufacturers of fixtures—- 
Jed with Holophane Controlenses* 


All fixtures | BE W.. A.F.L 
fabricated and wired 
U. L. Approved 


Hlucres-0- Lite Ca. 


Evans Terminal 
NO. BROAD STREET HILLSIDE, N. J. 


Telephone Bigelow 8-2323 


*REG. HOLOPHANE CO., INC 
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Preduct Design Engineer or Drafteman with 
creative mind and « flair for designing and 
styling lighting fixtures ie offered an unusual 
opportunity with a leading manufactarer of 
outdoor fleedlighting and kindred fAxtares 
located vicinity Metropolitan New York Ap 
plications will be treated in strict confidence 
Write fall particulars Box 152. Publications 
(fice, INuminating Engineering Society, 1°60 
Broadway, New York 25, N. ¥ 


A WONDERFUL OPPORTUNITY FOR 
AN ILLUMINATING OR ELECTRICAL 
ENGINEER 


A wonderful opportunity fer an illuminating 
engineer with vision, imagination and ambi 
thon Live tern hunting, fishing 
paradise s and farm lend, o 
shert drive « city ‘me of the 
leading home lighting manufacturers in the 
Excellent facilities and outstanding 
technicians and the trade A 


reputation with 
oworkers. Salary 


happy ompatible croup of 
ommensurate with ability Address Box 15° 
ations Office, IDuminating Engineering 

1840 Broadway, New York 25, N.Y 


Publ 


WANTED 


Lighting Engineer with five 
vears or more practical experi- 
ambitious, self-starter, 
interested in five 
income, and permanent 
position with excellent future. 
Giive complete details. Replies 
held in striet confidence. Loca 
tion Pittsburgh. Not a Manu 
facturer, Distributor, Contrae 
tor or Utility. Address Box 154, 
Publications Offiee, [laminating 
Engineering Society, 1860 
Broadway, New York 23, N. Y. 


ence, 
salesminded ; 
figure 


APB UCHANA 


WRITE 


ORLY 2 Splice Caps for 
2218 32 8 wires 


OMLY 1 Termend’ for 
16 te 128 wire 
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RADIANT HI-FLOOD 


Radiant Hi-Flood Floodlamps reduce industrial lighting 
costs many woys. They cost less to install, indoors or out- 
doors by eliminating need of heavy, expensive fixtures. 
High light output maintoined throughout lomp life. Saves 
power. No fixtures to polish. Sealed-in silver reflector. 
Radiant Technical Bulletin 80 gives full detoils. Send for it. 


Cost Less 
to INSTALL 
to MAINTAIN 


or High Voltage 


4 


Menvtecturers of Lamps for PROJECTION @ FLOODLIGHT @ SPOTLIGHT © MOTION PICTURE PRODUCTION 
SOUND REPRODUCTION © AERONAUTICAL @ SPORTS LIGHTING AND GENERAL SERVICE © RECTIFIER BULBS 


33A 


A COMPLETELY INSULATED 
IN 3 SIMPLE STEPS 

: 
: 
oe 
15A vikt & CLOSE TOOK We 
_ Mes SURE-tool 
26A 
d 
ayy 
24a 
20A 
32A 
| 
or” INSIDE stays > 
INDOORS or OUTDOORS 
‘ 
4 Ne Dirt 
200 to 1000 Watts 
: RADIANT LAMP CORPORATION, 300 Jelliff Avenue, Newark 8 N. J. Bs 


This lighting installation 


Looking for ways two cut costs? Here's a 
Sylvania Fluorescent Lighting Installa- 
tion that does just that for the Deering: 
Milliken Mills in South Carolina 


Note the clean, clear lighting atmos- 
phere in the above photo. Sylvania tubes 
and fixtures furnish a lighting level prac- 
tically triple that obtained from former 
lighting units. Asa result, mill authorities 
estimate, the saving realized in produc- 
tion costs, time, and the elimination of 
waste will completely pay for this effi- 


Architects, Enguneers, and Gew 
eral Contractors! make a note of 
this sign! It's your guide to « 
qualified Lighting Contractor 
who is fully equipped to give 
you full cooperanon in working 
out your lighting plans. Hell 
take over « thousand and one 
details save you many light 
ing headaches and provide the 
latest Sylvania Fixtures and 


long-life tubes 


FLUORESCENT TUBES. FUTURES. SIGN TUBING DEVICES LIGHT BULBS RADIO TUBES. TELEVISION PICTURE TUBES. ELECTRONIC 


Photographi 
why Sylvania Fl 


Lighting 


cient installation im just three years time. 

In addition, Sylvania fixtures offer the 
lowest possible maintenance costs. Hard 
durable porcelain reflectors resist the 
dampness caused by humidification neces- 
sary in textile mills. Turned down fixture 
lips prevent accumulation of dust or lint. 

Sylvania now offers fixtures for every 
industrial need . . . equipped with 2, 3, or 
4 cubes standard or instant start. Ask 
your secretary to mail the coupon for 
full information TODAY! 


LIGHTING 
CONTRACTOR 


PRODUCTS ELECTRONIC TEST (QUIPMRENT  PHOTOLAMPS TELEVISION SETS 


record shows 
yorescent 


speeds production 


saves big money 
for Southern Mill 


$1500 Seved Here This unique inspecuon method uses 
24 forty-watt Sylvania fluorescent tubes and a luminous 
panel. Mill engineers estimate this Sylvania-designed unit 
provides a saving of $1500 per year. 


inspection speeded here. Excellent use is made of the 
flexibility of Sylvania Fixtures. Hung at an angle over the 
cloth they eliminate need for slow, costly hand portable 
droplights and greatly speed inspection Another big saving 
with Sylvania. 


Sylvania Electric Products Inc. 
Please send me new folder describing the full 
lime of Sylvania Industrial Fluorescent Fixtures. 
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INCANDESCENT 


PORCELAIN ENAME( 
ME @EFLEC TORS 


Specification No 


Assure You of the 
ty 


lamps Used ® 


40-w of 


LAMP 
OPEN. ENT St-w 
PORCELAIN 

ENAMEL UNITS 


7S-w 


40-w 


or 
100-w 


oF 


Kind of Lighting Performance Needed for... 


Defense Production 


Defense production demands the highest type of lighting 
performance to meet the wide range of seeing tasks, varied 
atmospheric conditions and difficult seeing conditions found 
today, as American Industry shifts into high gear. To meet 
these needs economically and dependably, the emphasis is on 
uninterrupted performance. Therefore it is important to specify 
units that can be depended upon to provide and 
sustain rated light output over years of service. 

Specification of RLM Lighting Units provides 
finest assurance of efficient and uninterrupted light- 
ing performance. The RLM Label is a warranty of 
conformance to minimum standards established by 
the Institute for lighting performance that meets 
most approved modern illuminating practices. 

Shown here is a chart, listing the 34 different industrial 
lighting units for which the RLM Standards Institute has 
established specifications covering construction, finish, 
reflector design, ballasts and uniform quality. The In- 
stitute is currently engaged in the development of new 
specifications and revision of present standards in its 
effort to keep abreast of the latest advancements in illum- 


‘RUM STAN DARDSE INSTITUT 


inating engineering. To make certain of lighting performance 
that is the kind needed for defense production, specify light- 
ing units certified to conform to RLM Standards of Quality. 
FREE RLM SPECIFICATIONS BOOKLET brings you complete de- 
tails on the many essentials of Defense Production Lighting. 
Your copy will be sent free on request to RLM STANDARDS 
INSTITUTE, Suite 823, 326 W. Madison St., Chicago 6, III. 


CONFORMANCE te the ESSENTIALS of DEFENSE PRODUCTION LIGHTING 
is Assured when you specify RLM-LABELED Lighting 
Units: High diffusion with high reflection factor - 
Top-quality porcelain-enameled reflectors - Approved 
reflector design - High power factor ballasts - Uniform 
quality of materials and construction - Conformance 


to National Electrical Code 


J 
ae... 
Specification No 2 750-1500-w TWO.LAMP 
PORCELAIN 48° (shield) | 40-w of 38-w 
PORCELAIN ENAME| ° 7S-w 112 
Specification No 3 
am 300-1500-w Gen’! 
REFLECTOR 
Specification Wo. 400-w Mercury 
SpecificationNe 18 750-1000-w 
a Specification No 40 400-w Mercury 
ae 
4 
Ir 
| 
| 
| 
| 
4 
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